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Abstract 

 
Biomechanical Evaluation of Surgical Loupes 

 

Marsha (Chapman) Holcomb 

 

 Cervical musculoskeletal disorders (MSDs) are a known occupational hazard in micro surgeons 

who use loupes (telescopes mounted on glasses) to operate, with over 80% having neck pain related to 

performing surgery. Despite this known occupational risk, the cause, prevention, and treatment of 

cervical MSDs have been largely ignored in this population. The objective of this study was to quantify 

the effect of loupe use on cervical spine load and characterize the impact of loupe mount angle. The 

loupes were systematically altered during surgical tasks simulated by twelve healthy individuals (6 male 

and 6 female) in a laboratory setting. Four loupe conditions; without loupes, and with the loupe mounted 

at 10 degrees, 20 degrees, and 30 degrees, were tested in this study. The cervical spine loading was 

evaluated using three-dimensional head and neck postures (rotational as well as translational), electrical 

activity of the neck muscles and perceived discomfort ratings. Loupe condition had no effect on the 

rotational head and neck postures, neck muscle activity and discomfort ratings. Head flexion of about 30 

degrees was observed during the surgical tasks; bending and rotation ranged between 4 to 7 degrees. 

Activation of about 3% to 7% of Maximum Voluntary Contraction (MVC) was observed for the neck 

muscles. A significant effect of loupe condition on the translational motion in the anterior-posterior and 

inferior-superior directions was observed, suggesting that the use of loupe may forces a more erect or 

straightened neck posture. Some gender differences in the posture, muscle activity pattern and perceived 

discomfort ratings were also observed.  
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Chapter 1: Introduction 
 

 Work-related musculoskeletal disorders (MSDs) of the neck or cervical spine 

significantly impact the health and economics in many industrialized countries. The Task Force 

of Bone and Joint Decade on Neck Pain reported an annual prevalence of 30-50% in the general 

population (Hogg-Johnson et al. 2008). Among the working population, between 11% and 14.1% 

of workers were found to suffer from debilitating neck pain symptoms i.e., they are limited in 

their activities because of neck pain (Côté et al. 2008a). The MSDs of neck pain result in longer 

sick leaves, constitute a substantial level of human suffering, and witness reoccurrence in nearly 

50-80% of people within 5 years after the first occurrence (Côté et al. 2008b). While exact costs 

associated with neck MSDs are not known, recent U.S. statistics report a median of 11 days 

away from work to recuperate from neck disorders compared to 5 days for all other body parts 

combined (BLS 2012). The direct annual cost of work-related MSDs in the United States is 

estimated to be between $45 and $54 billion (Bernaards et al. 2011).  

Contemporary studies demonstrated that surgeons are substantially affected by work-

related neck MSDs. In a survey study performed at the Hong Kong public hospital, annual 

prevalence of neck pain among the surgeons was found to be 82.9%, which is about eight times 

greater than that for the general working population (Szeto et al. 2009). Nearly 80% (n=284) of 

European surgeons reported discomfort in the neck, shoulder, and back muscles due to operating 

(Wauben et al. 2006). A number of studies have identified that laparoscopic surgeries are 

associated with relatively higher incidence rates of neck, hand, and other MSDs (Park et al. 

2010, Sari et al. 2010, Stomberg et al. 2010).  
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Very recently, Sivak-Callcott et al., (2011) conducted a survey study among U.S. 

oculoplastic surgeons. Nearly 72.5% of ophthalmic plastic surgeons (n = 139) experienced pain 

during operating, with 58% localizing pain to the neck and 26% reported bulging or herniated 

cervical disc(s). More concerning, nearly 10% of the surgeons that participated in this study had 

to cease operating as a result of neck pain. This population, ophthalmic plastic surgeons, uses 

surgical loupes and headlamp to magnify and illuminate their field of view. In another study of 

325 ear-nose-throat surgeons, an occupationally similar group, 53% attributed back or neck pain 

directly to surgery (Babar-Craig et al., 2006). 

Over 90,000 U.S. micro surgeons, which includes neurosurgery, otolaryngology, plastic, 

and vascular surgeons, use loupes in their practice (National Center for Health Care Statistics 

2009a). Surgical loupes consist of magnifying lenses mounted on glasses. The magnification 

provides enhanced vision, allowing appreciation of subtle tissue differences and optimal 

instrument placement (Baker and Meals 1997). Previous studies have supported the usefulness of 

loupes in surgical tasks  (Ross et al. 2003, Kono et al. 2010).  

 There are many aspects to performing microsurgery that impact cervical spine load and 

injury, including patient positioning, operating room workstation design, surgeon body habitus, 

or predisposing injury. However, the one variable that is held in common by all of these micro 

surgeons is the use of loupes to magnify their operative field of view. Survey and observational 

studies have established that loupe and headlamp use contribute to work-related neck MSDs 

(Babar-Craig et al. 2003, Hobbs 2004, Dhimitri et al. 2005b). Despite this knowledge there were 

no published objective studies defining the biomechanical etiology of cervical MSDs in micro 
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surgeons. Therefore, this study was conducted to quantify the effect of loupe use on cervical 

spine loading and to characterize the impact of loupe (telescope) mount angle. 
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Chapter 2: Background and Literature Review 
   

This chapter is divided into three sections. In the first section basic information regarding 

different types of loupes is presented. A review of studies on the work-related MSDs among 

surgeons is presented in the second section. The third section focuses on the physical risk factors 

associated with work-related MSDs. 

 

2.1 Surgical Loupes 

Among most micro surgeons, the use of loupes is considered a standard of care. Surgical 

loupes consist of telescopic lenses mounted on glasses that enhance vision allowing the user to 

discern finer details compared to regular vision. The simplest type of loupe is comprised of a 

single pair of positive meniscus lenses.  These are basic magnification lenses. A good example of 

a simple loupe would be an average pair of reading glasses. The simple loupe has a low cost, 

making it easy for anyone to purchase.  The drawback of this type of loupe is that the lenses are 

limited by color fringing at magnifications greater than 1.5. These types of lenses are not 

available for purchase from major loupe distributers but are commonly available in supermarkets 

and stores when purchased as reading glasses. 

The most common type of lens used in a loupe is a compound lens.  The biggest 

difference between a compound loupe and a simple loupe is that it contains 2 lenses for 

magnification instead of just one. Compound loupes are called Galilean loupes because they use 

both a convex and a concave lens. Because there are two lenses in the system, a greater 

magnification can be achieved.  This allows the user to see further and with more detail than with 
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a simple loupe.  As with the simple loupe, the compound loupe has its own set of drawbacks. For 

magnifications greater than 2.5, the image quality becomes blurry or distorted. Also because it is 

a Galilean system, the periphery of the field of vision becomes blurred causing a “halo” effect. 

These are probably the most common loupes on the market and are produced by most loupe 

manufacturers.   

Wide-angle compound loupes can also be found at most loupe manufactures.  These 

loupes are better than the compound loupes because of a wider viewing angle. Since these loupes 

are built in the same manner as regular compound lenses, they only have a marginally higher 

cost, but weigh much less than higher optical quality loupes.   

The best optical quality loupe utilizes prismatic lenses, thus called a prismatic loupe. This 

loupe is equivalent to a low power telescope consisting of several convex lenses. Users can see 

up to five times further, with better detail, than with a compound loupe.  The field of view is also 

wider because the “halo” effect of the compound lens is removed. The biggest drawback of this 

loupe is that they are heavier than either the compound or simple loupes. Prismatic loupes are 

also “wide angle” and refer to the fact that compound loupes, of the same magnifications, have a 

narrower field of view. Most manufactures make these loupe types and are widely used.  

The factors that characterize different types of loupes include the working range, field of 

view, depth of field, and working angle. 

The working range, or working distance, is the distance between the eye and the working 

field. This range will differ based on surgeon’s specialty. If a surgeon is generally standing or at 

a distance away from the patient, say arm’s length, then a longer range would be optimal.  



 

6 

 

However an oculoplastic surgeon or dental hygienist may want a shorter range because of the 

close proximity to the working surface being required.   

Depth of field is defined as the distance in which the far and near distance are both in 

focus. This depth typically decreases as magnification increases. This allows the surgeon to 

move his/her head to see different views, without losing clarity. 

The field of view is the size of the area being viewed, from one side to the other. This 

measurement is obtained easily by looking at a ruler through the lenses. As with depth of field, 

field of view is inversely proportional to magnification. 

 The angular position of the lens system in the regards to the wearer’s face is called the 

working angle. If this angle is not optimal, fatigue will likely become a problem along with the 

load on the cervical spine. Many loupes offer adjustable working angles to compensate for the 

anthropometrical differences between individuals.   

Loupes are worn either mounted on the lens of glasses themselves, called through the 

lens (TTL), or separately from the glasses on either a headband or mounting frames.  Typically 

lenses worn on mounting frames will be able to be flipped up and moved out of the way when 

not in use. 

Through the lens (TTL) loupes are probably the most customizable loupes available.  It 

allows surgeons to incorporate standard lenses used for vision with the necessary loupes.  TTL 

loupes require the lens in the glasses be the same prescription as the surgeon wears for daily 

activities.  
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Headband type loupe mountings are very flexible.  The loupes mounted on these types of 

apparatus’ are typically heavier and often accompanied by a light.  This means the surgeon does 

not need to wear a separate light in order to see. Because the light and the lenses would be at the 

same working angle, as well as having a heavier load, there is an expected difference in loading 

on the cervical spine, however the difference yet unknown. The disadvantage of a headband type 

loupe is that it can become uncomfortable for the wearer. 

Flip-up mountings for loupes are similar to the TTL loupes but instead of remaining 

permanently stationary to the glass, they can be flipped up out of the way when not in use.  

These loupes have the advantage in that the working angle is adjustable and are not bulky like 

headband style loupes. A variable working angle means that for different types of surgeries, or 

different users, the angle can be adjusted, as well as the loupes being out of the way when not in 

use.  The disadvantage of these flip up loupes is that they can become unaligned, unlike TTL 

loupes, which never become unaligned.  

 

2.2 Work-related MSDs among Surgeons 

 

Surgeons work in a high precision and psychologically stressful environment. Their 

work-related exposures include but are not limited to the use of instruments that can potentially 

affect vision, such as loupes, and other high precision surgical instruments, such as sutures, 

scalpels, forceps, etc. Therefore the MSDs and/or physical risk factors for the MSDs among 

surgeons may be different than standard industrial workers. 

A study of general surgeons in Hong Kong (Szeto et al. 2009) evaluated the association 

between psychological and physical factors and the symptoms of musculoskeletal disorders. In 
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order to find this association, 500 questionnaires were sent to general surgeons with a 27% 

response rate (n = 135). Of the 135 that responded, 87 were specialists, 27 were higher trainees, 

and 21 were basic trainees. Ages ranged from 23 to 40 with an average of 10 working years and 

an average of 54 hours worked per week. Results of this survey showed over 80% of respondents 

reported at least one body area displaying musculoskeletal symptoms in the past year. 82.9% of 

those respondents stated that their main symptom area was in the neck region; 68.1% had lower 

back symptoms, 57.8% had shoulder symptoms, and 52.6% had upper back symptoms. The 

results indicate that the highest amount of discomfort for the neck was within 8-30 days of 

receiving the survey and have been experiencing discomfort for 4-5 years. Most respondents did 

not seek medical treatment for their pain. The pain experienced was mostly attributed to 

awkward posture maintained over prolonged work periods.  

Another survey focused on the American College of Mohs Surgeons (ACMS) (Liang et 

al. 2012). The survey was sent out to 825 surgeons. The survey combined 42 questions 

pertaining to demographics, work-style habits, MSD symptoms, work-style attitudes, and 

ergonomic practices. The survey response  was 43% (n = 354) with an average age of 44.5 years, 

71% male, and 9 years of field experience. Results have 90% of respondents reporting some type 

of musculoskeletal symptom or injury. The most common were the neck, lower back, shoulders 

and upper back. Almost half (45.7%) reported having these musculoskeletal symptoms onset 

during their fellowship or within their first 5 years in practice. This study did not determine if the 

MSDs reported were directly work related or not, however, work was reported to exacerbate the 

pain in 63% of the respondents. 
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More recent studies on the MSDs in surgeons have focused on the subspecialties that 

perform laparoscopic procedures. Wauben et al. (2006) surveyed 284 surgeons who routinely 

perform laparoscopic and/or thorasoscopic procedures within the digestive, thoracic, urologic, 

gynecologic, and pediatric disciplines. Nearly 80% of the surgeons reported that they routinely 

experience discomfort in the neck, shoulders, and back. No specific cause for the physical 

discomfort was reported in this study. Park et al., (2010) surveyed 317 laparoscopic surgeons 

using a comprehensive 23-question survey. About 86% reported physical symptoms or 

discomfort in the neck, hand, lower extremity, eye and back. The high rate of neck discomfort 

was correlated with training and high case volume. Sari et al., (2010) performed a survey study 

among surgeons in a university hospital (n = 92, response rate=60%). Nearly 73% reported 

physical complaints during or after laparoscopic procedures, mainly in the area of the neck, 

lower back, shoulders, and thumbs. Some of the causal factors identified by the surgeons were 

poor table height adjustment, bad monitor positioning, and suboptimal design of instrument 

handles.  

In a different study by Stomberg et al., (2010) gynecologists and general surgeons 

performing laparoscopic surgery were surveyed. Among the survey respondents (n = 558, 

response rate = 68%), nearly 70% of the surgeons reported one or more symptoms in the lower 

back, neck, and shoulder regions. Pain was the most common symptom followed by fatigue and 

stiffness. Longer work duration, age, and gender showed significant association with the 

symptoms of pain and/or MSDs. Female surgeons had significantly more disorders than males.  

A correlation between awkward posture, static workload and chronic neck pain was also reported 

in this study.  



 

10 

 

 

2.3 MSDs among Loupe Users 

 

Use of loupes is considered the standard of care (Ilie et al. 2011) among optometrists, 

dental professionals, and many surgical subspecialties. Looking through surgical loupes restricts 

the surgeons’ field and depth of view, forcing them to adopt awkward head-neck postures in 

order to see clearly. A few studies have been done on the specific populations that routinely use 

loupes to study musculoskeletal disorders common among these groups.   

One such study was done on a population of dental hygienists in Australia (Hayes et al. 

2012). A five page adapted version of the Nordic survey was used in this study. A total of 624 

surveys were returned, approximately 42% of the targeted population. Results indicate that loupe 

users in this field had a 55% chance of developing neck pain, a 46% chance of developing 

shoulder or wrist pain, and a 58% chance of developing upper back pain.   

In a study performed by Dhimitri et al., (2005) a twice-greater occurrence of neck pain 

was reported among the ophthalmic surgeons compared to general ophthalmologists. Ophthalmic 

plastic surgeons use loupes for the majority of operative procedures compared to the 

ophthalmologists. In another study among ear-nose-throat surgeons (n = 325), an occupationally 

similar group, 72% reported symptoms of back or neck pain; of those, 53% attributed the pain 

directly to the act of performing surgery (Babar-Craig, et al., 2003).  

In a more recent study by Sivak-Callcott et al., (2011), U.S. ophthalmic plastic surgeons 

were surveyed (n = 139). About 81% of the respondents routinely used loupes and 72.5% had 

experienced pain associated with operating; 58% of who localized the pain to the neck. Twenty 

six percent (26%) reported a bulging or herniated cervical disc(s) and 7.6% had undergone 
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surgery for this condition. Most surgeons in this study identified loupe and headlamp use as a 

special concern for the neck pain or injury.  

 

2.4 Physical Risk Factors for Work-related MSDs 

 

The studies that evaluate physical or ergonomic risk factors of work-related neck MSDs 

among surgeons, especially the subspecialties that use loupes, are sparse. Most of the ergonomics 

studies on neck MSDs with similar types of exposure (sub-maximum loading, static and/or 

prolonged posture) focus on the occupational groups such as Video Display Terminal (VDT) or 

computer users, sewing machine operators, etc. For example, among computer users, the 

findings of previous studies suggest that inappropriate monitor position may increase the risk of 

neck MSD (Saito et al. 1997, Kietrys et al. 1998, Turville et al. 1998, Sommerich et al. 2001, 

Sillanpaa et al. 2003, Szeto and Sham 2008b). Among sewing machinists, the table inclination 

and needle view were found to play a critical role in the upper body posture and the risk of upper 

extremity MSDs (Li et al., 1995). 

In one observational study performed by Shaik et al., (2011), the prevalence and risk 

factors for the musculoskeletal disorders among on-job dental surgeons were evaluated. Thirty 

dental surgeons working in a university hospital in Mangalore, India participated in the study. 

The MSD prevalence was studied using a close-ended questionnaire that would pinpoint the 

individuals’ perception of pain and stiffness experienced within the prior six months. The 

physical risk factors were studied through observation of the working environment using a walk-

through observational survey. Results of the survey revealed that the 83.3% of the participants 

“sometimes” have pain in the back and 70% “sometimes” have pain in the neck.  Nearly 66.7% 
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had moderate pain in the back and 23.3% felt the pain was severe. Neck pain results showed 

33.3% felt their pain was moderate while none felt it was severe. The walk through results reveal 

96.7% of the surgeons experienced frequent neck bending and 86.7% of the surgeons were 

unable to change position while operating. Interpretations of this study lead researchers to 

believe that many dental surgeons suffer from back and neck pain and the severity directly 

correlates to the number of patients seen. 

As previously noted, only a couple of objective studies on work-related neck MSDs 

among surgeons were available. One such study was performed by Szeto et al., (2010) to 

evaluate postural muscle activity during open, laparoscopic, and endovascular surgeries. The 

surface electromyography data from the upper extremity muscles were recorded during real 

surgeries.  Higher muscle activity was observed for open surgery compared to laparoscopic and 

endovascular surgeries. No difference in the muscle activity was observed between laparoscopic 

and endovascular surgeries. The authors attributed the high muscle demand during the open 

surgeries to more dynamic movement and more forceful exertions compared to laparoscopic and 

endovascular surgeries.  

An alternative objective study, aimed at reducing MSDs by using ergonomic 

intervention, was completed by a group in the Industrial and Systems Engineering department at 

North Carolina State University (Smith et al. 2002). In this study, three different viewing options 

(standard view (direct), monitor, and prism loupe) were tested while performing simulated dental 

procedures. Two groups of subjects were tested: the first being 12 novice subjects, with no 

experience in performing professional dental procedures and the second group consisted of five 

dental hygienists. The novice group performed a targeting task while the professional group 
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performed a scaling task on a mouth model. Among the novice group, it was found that the 

monitor or prism loupe reduced the muscle activity and discomfort level. Head tilt and neck 

flexion were significantly different for the direct view as compared to the monitor and prism 

loupe conditions.  Among the professional group, higher muscle activity was observed for the 

direct view than the two alternate views.  It was concluded that the direct view method, if 

adopted for a complete 8-hour time frame, creates stress in the neck/shoulder region and can lead 

to development of a musculoskeletal disorder in the neck region. 

Very recently, Nimbarte et al.,(2013c) performed a field study to measure the head-neck 

postures commonly used by ophthalmic plastic surgeons while they operated on patients. For 

nearly 85% of the operating time, the surgeons adopted asymmetrical postures characterized by 

either bending or rotation angles higher than 15°, coupled with flexion higher than 15°.  

Additionally, the surgeons assumed rather extreme non-neutral and asymmetrical postures with 

high levels of flexion (>45°), rotation (>45°), and bending (>30°) for about 26% of the operating 

time. Previous studies on computer users have reported a positive relationship between neck 

flexion and symptoms of neck pain. Among computer users, the working postures were mostly 

symmetrical with deviation primarily in the flexion/extension plane. However the postures 

adopted by the surgeons in this study were more complex and with deviations from neutral in all 

three planes. Such postures with increased deviation from neutral generate higher moments at the 

cervical joints compared to the near neutral postures. Higher moments require greater force 

generation by the neck muscles and thus increase the loading of the cervical spine. As a whole, 

the results of this study suggest that the asymmetry and the duration of the postures used by 
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surgeons who operate with loupes may place substantial stresses on the cervical spine due to 

increased biomechanical loading.   
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Chapter 3: Study Rationale 
 

3.1 Problem statement 

 

Cervical musculoskeletal disorders (MSDs) are a known occupational hazard in 

micro surgeons who use loupes (telescopic lenses mounted on glasses) to operate, with 

over 80% having neck pain related to performing surgery (Dhimitri et al. 2005a, Babar-

Craig et al. 2006, Esser et al. 2007, Koneczny 2009, Szeto et al. 2009, Sivak-Callcott et al. 

2011).  More than 90,000 U.S. surgeons suffer this risk. These physicians conducted 190 

million patient office visits (nearly 20% of encounters) in 2009 (National Center for Health 

Care Statistics 2009b). 

Despite this known occupational risk, the cause, prevention, and treatment of 

cervical MSDs have largely been ignored in this population. There are many aspects to 

performing microsurgery that could impact cervical spine load and injury, including 

patient positioning, operating room workstation design, surgeon body habitus, or 

predisposition to injury. However, loupes are the common denominator among micro 

surgeons across many subspecialties and more than half of surgeons believe loupes 

contribute to cervical spine MSDs. There have not yet been any published objective studies 

that define the biomechanical etiology of cervical MSD caused by the use of loupes in 

micro surgeons. 

 

3.2 Objective and Hypothesis 

 

The objective in this study was to quantify the effect of loupe use on cervical spine 

loading and characterize the impact of loupe mount angle. Based on a recent field study by 
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Nimbarte et al., (2013c), the central hypothesis for this study was that looking through 

surgical loupes restricts the surgeons’ field and depth of view forcing them to adopt 

awkward head-neck postures in order to see clearly. This field study provided very useful 

information, but loupes cannot be altered while a surgeon is operating, so the exact role of 

the loupe in the awkward head-neck postures was unknown. In this study, loupes were 

systematically altered during surgical tasks simulated by novice users in a laboratory 

setting. The rationale for the research was that a laboratory-based study would allow 

accurate control of the loupe conditions (without loupes and loupes at different mount 

angles) and user preferences (experienced surgeons quickly adopt learned, conditioned 

postures and have certain loupe preferences), further facilitating accurate understanding of 

the impact of loupes on the loading of cervical spine musculature. Four loupe conditions; 

without loupes, and with the loupe mounted at 10 degrees, 20 degrees, and 30 degrees, 

were tested in this study. The effect of loupe angle on cervical spine loading was evaluated 

using three-dimensional (3D) head-neck postures, electrical activity of the neck muscles 

and perceived discomfort ratings. Additionally the gender difference was also studied. The 

following null hypotheses were tested in this study: 

H01: There is no effect of loupe condition on the 3D head-neck postures, the 

electrical activity of the neck muscles, and the perceived discomfort ratings   

H02: There is no effect of gender on the 3D head-neck postures, the electrical activity 

of the neck muscles, and the perceived discomfort ratings   
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H02: There is no interaction effect of loupe condition and gender on the 3D head-

neck postures, the electrical activity of the neck muscles, and the perceived 

discomfort ratings 

Successful completion of the proposed work has generated objective data that has allowed 

us to understand the impact of the loupe and its mount angle on the loading of the cervical 

spine. This knowledge is essential for guiding the development of future research targeting 

either magnification device redesign and/or alternate strategies such as environmental 

modifications, surgeon exercise programs, both preventative and therapeutic.  
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Chapter 4: Methodology 
 

4.1 Approach 

 

A surgical task simulated in a laboratory setting was used to evaluate the effect of 

surgical loupes on the loading of cervical spine musculature. This task was designed by a board 

certified Orbital and Ophthalmic Plastic Surgeon, with over 15 years of surgical experience. 

Novice users, with no previous surgery-related experience, were trained by the same surgeon to 

become proficient in the surgical task. The effect of the loupe condition (without loupe and loupe 

at different mount angles) during the surgical task on the loading of the cervical spine was 

evaluated by measuring 3D head-neck postures, electrical activity of the neck muscles, and 

perceived discomfort ratings. 

 

4.2 Participants 

 

Twelve healthy individuals (6 male and 6 female) between the ages of 18 to 40 years 

were recruited to participate in this study. A summary of participant characteristics such as 

height, weight, and age is shown in table 1. Data for individual participants can be found in 

Appendix C.  

Table 1: Participant mean (SD) anthropometric data 
 

Gender 

(M/F) 

Height (cm) Weight (kg) Age (yrs.) Count 

M 171.7 (6.9) 67.9 (7.6) 22.8 (5.5) 6 

F 163.5 (4.0) 65.1 (21.2) 23.0 (5.0) 6 

All 167.6 (6.8 66.5 (15.3) 22.9 (5.0) 12 



 

19 

 

 

The primary inclusion and exclusion criterion required that participants were (1) 

free from any type of musculoskeletal disorder; and (2) sufficiently coordinated to perform 

the task. After a training session, the surgeon evaluated whether a participant was 

sufficiently coordinated to perform the tasks using the GRASIS evaluation form (Appendix 

A) (Cremers et al. 2005). This validated form is used in physician training to evaluate 

surgical competency. Participants who meet the inclusion criteria were then required to 

read and sign a consent form approved by the local Institutional Review Board (Appendix 

B). 

 

4.3 Apparatus/tools 

 

4.3.1 Optical motion analysis system  

 

Three dimensional (3D) head-neck postures were recorded using an optical motion-capture 

system (Vicon Motion Systems, LA, USA). This system consists of eight optical cameras (Figure 

1(a)) with infrared strobes that emit pulses of infrared light at high frequencies. The infrared light 

reflects off of small, round retro-reflective markers (Figure 1 (b)) and is captured by the cameras 

in the Vicon system.  When multiple cameras capture reflections from the markers, the Vicon 

Nexus software can determine the location of the marker in three-dimensional space. The motion 

data will be acquired at a frequency of 100 Hz. 
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(a) (b) 

Figure 1: (a) Vicon MX camera with infrared strobe lights; (b) 14mm (0.55in) Retro-

reflective markers 

 

 

 

 

4.3.2 Motion Analysis Software 

 

The marker data was captured and processed using Vicon Nexus 1.5.1 Software (Vicon Motion 

Systems, Oxford, UK). A three-dimensional representation of the markers as displayed on screen 

through this software is shown in Figure 2. After capturing the data, the software was used to 

label the markers. Each marker has a unique name to represent where it is located on the body. 

For example, in the marker set in this research, the marker located on the Glabellas bone in the 

forehead area was named FHD.  



 

21 

 

 

Figure 2. Real-time 3D Perspective view in Nexus 1.5.1 Software. This view can be panned, 

zoomed, and rotated in any direction. 

 

 After labeling the markers, the software was used for performing additional processing 

steps such as gap filling and filtering. Gap filling is the process of filling in any gaps in the 

marker data in the trial after it is labeled. The Vicon Nexus software includes three operations to 

assist in the gap filling: a spline-fill operation, a Woltring gap-filling routine, and a pattern-fill 

operation. The most basic of the three operations is the spline-fill routine. The spline-fill 

operation extrapolates the trajectory of the missing marker in the most logical way based on its 

position before and after the gap. This operation is best for shorter gaps with smooth movements. 

The Woltring routine uses a cubic spline algorithm to automatically fill gaps up to a user-
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specified length. The accuracy of the Woltring routine decreases as the length of the gap 

increases. The recommended frame limit in Nexus is five frames. The pattern-fill operation fills 

the gap in the original marker's data by analyzing movement pattern of a different, user-specified 

marker. To use this operation successfully another marker with a similar movement pattern to be 

labeled should be visible in every frame of the gap. The pattern-fill operation is better suited for 

the longer gaps 

4.3.3 Kinematic Computation Software 

 

Visual3D 4.89 (C-Motion Inc., Germantown, MD, USA) software was used for analysis 

and modeling of three-dimensional marker data. This software uses a static-posture trial to create 

a kinematic model. This model can then be applied to dynamic capture data to estimate joint 

kinematics. The software can determine frame-by-frame joint angles based on outputs from the 

model. 

 

4.3.4 Electromyography (EMG) system  

 

Electrical activity of the neck muscles was recorded using a Bagnoli -16 desktop EMG 

system (Delsys Inc., Boston, USA). The system consists of a main amplifier unit, an input 

module, EMG electrodes, and other peripheral cables (Figure 3). The input modules host the 

surface and reference EMG electrodes, power the electrodes and communicate the EMG signal 

to the main amplifier. The main amplifier unit receives and conditions the signals. It has a band 
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pass filter of 20 to 450 Hz, and a mechanism to check for excessive amounts of line interference. 

The outputs from main amplifier unit were synchronized with an analog to digital (A/D) 

acquisition system interfaced with the Vicon system and nexus software.  

 The surface electrodes are parallel bar, active surface electrodes (DE-2.3 EMG Sensors, 

Delsys Inc., Boston, USA). The sensor contacts are made from 99.9% pure silver bars, 

measuring 10mm in length, 1mm in diameter and spaced 10mm apart (Figure 3 (d)). The CMRR 

for the electrodes is 92 dB and input impedance greater than 10
15

Ω. The frequency of EMG data 

acquisition will be set at 1000 Hz.  

 

 
(d) 

 

Figure 3:  Bagnoli system components: (a) main amplifier unit; (b) input modules; (c) 

surface electrodes; (e)  parallel bar, active surface electrodes 
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Figure 4: Styrofoam mannequin heads used in the surgical 

tasks 

 

4.3.5 Male Styrofoam Mannequin Head  

 

The surgical tasks were performed using male Styrofoam mannequin heads. These heads 

have the facial dimensions of an average adult male (Figure 4). 

 

4.3.6 Surgical Tools and Loupes  

 

To perform the surgical tasks the following tools were used: (1) needle holder (used to 

hold the small suture needle to keep a firm grasp on the needle and avoid errors); (2) Ethicon 5-0 

Prolene (Polypropylene) Suture; (3) Surgical loupes with 2.5x magnification (Galilean), 

17”/420mm working distance, 4” depth of field, 5.0” field of view, with a multi-angle adjustable 

hinge (Figure 5). Loupes with these specifications are the most commonly utilized. 

1

9

5
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4.4 Experimental Design 

 

A two-factor replicated block design was used in this research. Factor1, loupe condition, 

was treated at four fixed levels: (1) no loupe; (2) loupe mounted at 10 degrees; (3) 20 degrees; 

and (4) 30 degrees (Figure 5). Twenty to 30 degree loupe angles represent commonly used 

configurations. The additional angle of 10 degrees was tested in this study to further evaluate 

mount angle effect. Factor 2, gender, was treated at two levels: (1) Male and (2) Female. Three 

replicates were collected for each experimental condition. In total, 12 experimental trials (4 

loupe conditions × 3 replications) were collected from individual participants and the trial order 

was randomized.  

 

 

(a) 

 

(b) 

 

(c) 

Figure 5: Surgical loupes used in this study: (a) 10 degree loupe angle; (b) 20 degree loupe 

angle; (c) 30 degree loupe angle 



 

26 

 

 

 

4.5 Data Collection  

 

Data collection for individual participants consisted of two sessions conducted on 

separate days. The first session consisted of training and practice periods. Each participant was 

trained on how to perform a superficial suturing task by a board certified Orbital and Ophthalmic 

Plastic Surgeon, with over 15 years of surgical experience. Each participant practiced the 

surgical tasks at least 3 times after initial training without loupes. The performance of the 

participants was assessed by the surgeon using the GRASIS form, to make sure that participants 

acquired sufficient coordination to perform the surgical tasks (Cremers et al. 2005). 

 The actual data collection procedure for each participant consisted of the following 

steps: 

4.5.1 Participant orientation and measurement 

 

  Upon arrival at the laboratory, participants were provided with a tour of the 

experimental set-up.  Equipment, data collection procedures, and specifics of the experimental 

tasks were explained to them, they were asked to sign a form approved by the local Instructional 

Review Board consenting to participation in the study. Subsequently, participants were then 

asked to change into a skin tight shirt (for females only, males remained bare chested) and shorts, 

and the following anthropometric measurements were recorded: height, weight, distance between 

sternal notch and the mastoid process, distance between the acromion and C7, and C6-C7 

distance (Appendix C). Some of these measurements were required for kinematic analysis, while 

others are used for determining the exact location of the EMG electrodes. 
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4.5.2 Participant preparation 

 

 Participants were then instrumented with the surface electrodes for EMG data 

collection. The skin over the anatomical landmarks was shaved (if needed) and cleaned with 

70% alcohol prior to the placement of the EMG electrodes. EMG data from two major neck 

muscles, (1) sternocleidomastoid and (2) upper trapezius, were collected. EMG from the 

sternocleidomastoid muscle was recorded by placing an electrode along a line drawn from the 

sternal notch to the mastoid process, at 1/3rd the length of the line from the mastoid process 

(Figure 6(a)). Electrodes were located midway between the innervation zone (the middle of the 

muscle (Falla et al. 2002) and the insertion of the muscle at the mastoid process. EMG from the 

upper trapezius muscle was recorded by placing an electrode between the occiput and C7, at the 

level of C4 (Johnson and Pandyan 2005). The level of C4 was determined by marking a 

horizontal line at 2.5 times the distance between the C6-C7 vertebrae above the C7 (Figure 6(b)). 

The electrode at this location will be placed slightly inclined (approximately 35 degrees) to the 

vertical line between the C7 and C4. The EMG data was collected bilaterally. 
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(a) (b) 

Figure 6: EMG electrode locations for (a) sternocleidomastoid; (b) upper trapezius muscles 

  Once fitted with EMG electrodes a set of 10 reflective markers (14 mm diameter) were 

placed on the participants at the following landmarks (Figure 7): 

1. Three head markers 

 Glabellas bone in the forehead area  

 Proximal aspect of temporomandibular (TMJ) joint (left and right) 

2. Three neck markers 

 Spinous process of C4 Vertebra 

 Most lateral points (left and right) on C4 Vertebra 

3. Four trunk markers  

 Clavicle 

 Sternum 

 Spinous process of C7 Vertebra 

 Spinous process of T10 Vertebra 
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Figure 7: Marker set used to collect the head-neck kinematic data 

 

A custom built Vicon skeletal template was created for kinematic data collection. Three rigid 

body segments (head, cervical spine and trunk) will be defined using 10 markers. 

4.5.3 Baseline readings  

 

  Once participants were fitted with all the EMG sensors and the reflective markers, 

baseline EMG measurements were obtained using MVC reference contractions. The reference 

contraction involved exerting maximum forward head flexion and backward head extension 

force against a stationary support in a seated position (Nimbarte et al. 2010). Three trials of each 

exertion were conducted. The data recorded during the forward flexion exertions were used for 

normalizing EMG activity of anterior neck muscles. The data recorded during the backward 

extension exertions were used for normalizing EMG activity of posterior neck muscles.  

  Additionally a participant specific skeletal template was also obtained for calibrating 

the marker location by capturing the marker data in a standardized anatomical neutral pose. 
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4.5.4 Actual Data collection  

 

 Prior to the actual data collection, the participant again practiced the surgical tasks at 

least once. The participant was then seated in an adjustable chair placed in front of an adjustable 

table.  The Styrofoam mannequin head was placed on the table with the crown of the head 

situated towards the participant (Figure 8). The height of the table was adjusted such that the 

horizontal mannequin head came no higher than the sternum of the subject performing the task. 

The participant then performed the suturing task under randomized loupe conditions. 

 The suturing task consisted of passing a suture needle through 12 points marked around 

the right eye (Figure 9). Each participant began the task by carefully taking out the needle with 

attached suture from the pack using the needle holder. The needle was then passed clockwise 

through a series of dots, with the aid of a needle holder and suturing forceps. Once the suture was 

passed through all 12 points, participants were required to complete the suturing task by tying a 

knot and appropriately cutting the suture using the scissors. Once the participant had completed 

the task, a short 6 question subjective survey was completed to assess the participant’s 

perspective of discomfort (Appendix D). A rest period of 3-5 minutes was provided as needed 

between the tasks. 
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Figure 8: Experimental setup used to collect data during a simulated suturing task 
 

   

Figure 9: Suturing task performed by the participants during data collection 
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4.6 Data Processing and Analysis 

 

The experimental data was processed to calculate dependent variables for the statistical 

analysis. 

 

4.6.1 Muscle activation  

 

The raw EMG signal from each electrode location was demeaned and then full-wave 

rectified. The full wave rectified EMG signal was low pass filtered at 4 Hz, using a fourth-order 

dual pass Butterworth digital filter, to form a linear envelope (Burnett et al. 2007). The resulting 

data was averaged to determine the mean absolute values (MAV) (Acierno et al. 1995). The 

MAV data was then normalized with respect to the average activation during MVC reference 

contractions recoded during the baseline measurement to obtain the normalized MAV (N-MAV).  

 

4.6.2 Joint kinematics  

 

  A kinematic model was developed in Visual3D to determine Euler rotations between 

the head and neck, head and trunk, and neck and trunk during the experimental tasks. Visual3D 

allows the primary and secondary axis for each segment coordinate frame to be defined as +/- X, 

Y, or Z, to control the orientation of the segment coordinate frame. For the model used in this 

research, the coordinate frames were defined with the X-axis directed to the participant’s right, 

the Y-axis directed anteriorly, and the Z-axis directed superiorly (Figure 10).  
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 In Visual3D, segments are defined using proximal and distal joints or ends.  The joint or 

end locations can be defined using a set of markers (lateral and medial) located at the end or by 

using joint center (or landmark) with radius.  In this study a combination of markers and 

landmarks were used to define the head, neck, and trunk segments: 

4.6.2.1 Head segment 

  Three virtual landmarks were created to help define the head segment. The first, 

marking the center of the head, was defined as the midpoint of the two Tragus markers. Another 

virtual landmark was projected forward 10cm from the head center landmark along the global X-

axis. A final virtual landmark was projected downward from the Glabella marker onto a plane 

created by the two Tragus markers and the landmark projected forward of the head center 

landmark.  The medial and lateral proximal endpoints of the primary axis of the coordinate frame 

for the head were defined as the right Tragus marker and left Tragus marker, respectively. The 

distal endpoint was defined as the virtual landmark that was projected from the Glabella marker 

with a radius of half the distance between the Tragus markers.    

4.6.2.2 Neck segment 

  Three virtual landmarks were created to help define the neck segment. The first (neck 

center landmark) was created at the midpoint of the left and right neck markers (most lateral 

points on C4 vertebra). Another landmark was projected backward 10cm from the neck center 

marker along the global X-axis. A final virtual landmark was projected from the C4 marker onto 

a plane defined by the left and right neck markers and the landmark projected backward of the 

neck center landmark. The right and left neck markers defined the medial and lateral proximal 
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endpoints of the primary axis of the coordinate frame for the neck. The distal endpoint of the 

primary axis was defined by the virtual landmark that was projected from the C4 marker with a 

radius of half the distance between the right and left neck markers.  

4.6.2.3 Trunk segment 

 Three virtual landmarks were created to define the trunk segment. The virtual 

landmarks were created at the midpoints of 1) sternum and clavicle markers (front virtual 

landmark), 2) clavicle and C7 markers, and 3) C7 and T10 markers (rear virtual landmark).  The 

front and rear virtual landmarks defined the medial and lateral proximal endpoint of the primary 

axis. The distal endpoint was defined by the landmark at the midpoint of the clavicle and C7 

markers, with a radius of half the distance between the front and rear virtual landmarks. 

        

Figure 10: Schematic representation of the kinematic model used to study head-neck 

kinematics 
   

The kinematic model was used to derive the following joint motions: 

1) X-rotation of head segment with respect to trunk segment (head flexion) 

2) Y-rotation of head segment with respect to trunk segment (head lateral bending) 

3) Z-rotation of head segment with respect to trunk segment (head rotation) 
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4) X-rotation of neck segment with respect to trunk segment (neck flexion) 

5) Y-rotation of neck segment with respect to trunk segment (neck lateral bending) 

6) Z-rotation of neck segment with respect to trunk segment (neck rotation) 

7) X-rotation of head segment with respect to neck segment (head-neck flexion) 

8) Y-rotation of head segment with respect to neck segment (head-neck lateral bending) 

9) Z-rotation of head segment with respect to neck segment (head-neck rotation) 

Additionally, landmarks created for head center, neck center and midpoint of C7 and 

CLAV were used to determine three-dimensional translational motion of head with respect 

to neck (head-neck) and head with respect to trunk (head-trunk) in three directions: 

anterior-posterior, medial-lateral, and inferior-superior. 

  The proposed model estimates the three dimensional angular rotations between 

the three segments – head, neck and trunk. The exact axis of rotation is difficult to predict 

due to the presence of several vertebral bodies between these segments. For example, 

between head and neck segments, three vertebral bodies exist and between neck and trunk, 

another set of two vertebral bodies exist. Between head and trunk, total six vertebral bodies 

exist. These vertebral bodies can translate and rotate with respect to each other. In the 

previous marker-based studies, head-neck motions were primarily studied using vector 

angles. These vectors were defined by using markers placed at C7 and tragus (Figure 11) 

(Szeto and Sham 2008a, Yip et al. 2008, Straker et al. 2009). Such method of defining 

head-neck posture is over simplified and ignores the relative motions between the cervical 

vertebrae. Furthermore, in these previous studies the rotational axis was defined by using a 
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marker placed at the posterior aspect of C7 vertebra. Such definition is erroneous as the 

actual rotation may takes place around multiple cervical joints.   

  The axis of rotation definitions for the head-neck motions is an complicated issue. 

The model proposed in the current study does not present a perfect solution but it is a step 

forward compared to the methods proposed in the previous studies. This model estimates 

the rotations about the axis that passes through the segment center of mass as compared to 

the posterior aspect of vertebra. Instead of treating seven cervical vertebrae as one segment 

the model proposed in the current study breaks the cervical spine into two segments, one 

above and one below the C4 level. A true solution may involve tracking each vertebra 

separately which is beyond the capacity of the optical motion capture system available for 

conducting the current study.    

 

Figure 11: Head-neck angle definitions used in the previous marker based studies 

(Szeto and Sham 2008a, Yip et al. 2008, Straker et al. 2009). 
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4.6.3 Data selection 

  In order to identify the best method to summarize and analyze the joint kinematic 

data, the time series data was studied for all the participants. Exemplar data for one of the 

participants are shown in Figure 10.  The kinematic data for most of the motions, 

especially bending and rotation, was mainly uni-directional, i.e., the participants used 

bending and rotation to the right side. This was mainly due to the fixed and rightward 

location of the target - the participants operated on the right eye of the styrofoam head 

(Figure 8). Therefore, the absolute bending and rotation angles were used in the further 

analysis. Similarly, no extension motion was observed so only flexion angles were 

analyzed.  

  Some fluctuations in the joint motions were observed during the starting and 

ending phases (30 seconds) of the experimental tasks. During the rest of the task, the joint 

motions remained relatively stable. Therefore, the data for the first and last 30 seconds 

were ignored and for rest of the data, mean joint angles were estimated for the further 

analysis. 
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Figure 12: Raw joint angle data 

 

 

4.7 Statistical analysis 

 

 Individual participants completed 12 randomized experimental trials (4 loupe conditions 

× 3 replications) during the experiment.  
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4.7.1 Statistical Model 

 

 In this study the effect of the four loupe conditions: (i) no loupe; (ii) 10 degree loupe 

angle; (iii) 20 degree loupe angle; (iv) 30 degree loupe angle and with gender: (i) male; (ii) 

female on the dependent variables related to the neck muscle activity, head-neck postures and 

discomfort ratings were evaluated using the following statistical model: 

yRijkl =  μ + αi + βj + γl + (αβ)ij +  ϵijl     {

i = 1, … , a
j = 1, … , b
l = 1, … , n

 

Where, 

yR represents the dependent variables related to the neck muscle activity, head-neck 

postures and discomfort ratings. 

 μ is the overall mean common to all treatments. 

αi is the effect of loupe condition, so a = 4 

βj  is the effect of gender, so b = 2 

γl is the effect of participants (block), n represents the number of participants 

recruited in the study. 

(αβ)ij is the interaction effect of loupe condition and gender. 

ϵijl is a random error term. 

In the model, the loupe condition (αi) and gender (βj ) are treated as fixed factors. It 

is assumed that each factor and the two-way interaction factors have no effect on the 

calculated dependent variable. That is: 
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∑ ∝i

a

i=1

= 0 , ∑ βj

b

j=1

= 0  

∑ ∑(αβ)ij

b

j=1

a

i=1

= 0  

Participants ( 𝛾𝑙) are treated as a random factor and it is assumed that it is a 

normally and independently distributed (NID) (0, σγ
2
) random variable. The random error 

𝜖𝑖𝑗𝑙 is also assumed to also follow NID (0, σ
2
). 

The appropriate F tests were applied in testing if the means of the fixed factor 

effects were equal to zero:  

H0: 𝛼𝑖  = 0,  𝛽𝑗   = 0 and 

(𝛼𝛽)𝑖𝑗 = 0 

H1: at least one  𝛼𝑖  ≠ 0,  𝛽𝑗  ≠  0 

and  (𝛼𝛽)𝑖𝑗  ≠  0   

Appropriate F tests were also applied in testing the variance of the random factor, 

H0: 0
2
 . The Type I error probability, α = 0.05, and Power of the test (1-β), which 

equals 0.90, were chosen for hypothesis testing and sample size determination discussed is 

in 4.7.2. 

Significant effects were further evaluated by conducting comparison between means 

using Tukey’s Honestly Significant Difference (HSD) all-pairwise comparison test. For fixed 

factors such as loupe condition and gender, if the null hypothesis was rejected, the factors’ 
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effects were estimated. Minitab 16 statistical analysis software (Minitab Inc., PA, USA) was 

used to perform the statistical analysis. 

 

4.7.2 Power Analysis and Sample Size Determination  

 

  Operating characteristics curves (OC curves), a graph of β (type II error probability) 

versus the true difference in means, play an important role in the choice of sample size in 

experimental design problems. Therefore, the OC curves were used to do a power analysis and 

determine the number of subjects to be recruited in this research. 

  The random factor subject (γl) was treated as a block, so here determining the number 

of subjects was actually calculating the number of blocks. The OC curves were used with the 

formula: 

                      𝜆 =  √1 +  
𝑐𝜎𝛾

2

𝜎2                                                        (3-1) 

                        where        𝜎𝛾
2 = 𝑀𝑆𝐵𝐿,   𝜎2 = 𝑀𝑆𝐸  

 

𝑀𝑆𝐵𝐿 and 𝑀𝑆𝐸 were calculated based on a preliminary study (Nimbarte et al. 2013b). Mean and 

median head flexion, lateral bending and rotation were considered as the representative 

dependent variables to estimate the sample size. Table 1 shows the power for different dependent 

variables. Note that with six subjects, a power greater than 90% was achieved for the dependent 
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variables. Therefore, a sample size of six participants per gender was deemed adequate for the 

current study. 

 

 

 

 

 

Table 2: Power values for different dependent variables  

(‘c’ denotes the number of blocks (subjects)) 

 

 

4.7.3 Data Transformation 

 

Data transformation was used if the data failed to follow normal distribution. As a first 

step, several commonly used transforms such as square root, logarithmic, power, and reciprocal 

transformations were utilized (Bartlett 1947, Montgomery 2012). If these transformations did not 

Dependent variable c λ v1 v2 β Power (1-β) 

Average head flexion 2 6.4 1 19 0.25 0.75 

 3 7.8 2 30 0.07 0.93 

Average head bending 2 22.6 1 19 0.08 0.92 

Average head rotation 2 2.2 1 19 0.60 0.40 

 3 2.6 2 30 0.45 0.55 

 4 3.0 3 41 0.30 0.70 

 5 3.3 4 52 0.12 0.88 

 6 3.6 5 63 0.03 0.97 

Median head flexion 2 13.8 1 19 0.15 0.85 

 3 16.9 2 30 0.015 0.985 

Median head bending 2 22.3 1 19 0.08 0.92 

Median head rotation 2 2.6 1 19 0.6 0.4 

 3 3.1 2 30 0.38 0.58 

 4 3.6 3 41 0.18 0.72 

 5 4.0 4 52 0.05 0.95 
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improve the normality then Johnson transformation was used. The Johnson transformation 

optimally selects a function from three “families” of distributions for a variable (Johnson 1949).  

The general form of the transformation is given by: 

𝑧 = 𝛾 + 𝜂 ∗ 𝜏(𝑥; 𝜀, 𝜆) 

𝜂 > 0, −∞ < 𝛾 < ∞ 

𝜆 > 0, −∞ < 𝜀 < ∞ 

Where z is a standard normal variable and x is the variable to be fitted by a Johnson 

family distribution. The four parameters, γ, η, ε, and λ are estimated values and τ is an arbitrary 

function which may take on one of the functions of the Johnson family. 

The Johnson distributions are labeled as SB, SL, and SU, and refer to the variable being 

bounded, lognormal, and unbounded, respectively (Table 3) (Chou et al. 1998). Most appropriate 

transformation function from the Johnson was selected to achieve the highest normality. 

 

Table 3: Johnson transform families and corresponding functions 

 

Johnson 

Family: 
Transformation Function: 

SB 𝛾 + 𝜂 ∗ ln [
(𝑥 − 𝜀)

(𝜆 + 𝜀 − 𝑥)
] 

SL 𝛾 + 𝜂 ∗ ln(𝑥 − 𝜀) 

SU 
𝛾 + 𝜂 ∗ sinh−1 [

(𝑥 − 𝜀)

𝜆
] 

where, 

sinh−1(𝑥) = ln [𝑥 + √1 + 𝑥2] 
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Chapter 5:  Results 
 

  Normality of the dependent variables was tested using the Anderson-Darling normality 

test. The variables that did not follow the normal distribution were transformed. The exact 

transformation function as well as parameter values for all the transformed variables are shown 

in Table 3. Detailed analysis related to the data transformation is shown in Appendix E. The 

equality of variance test showed that the assumption of the homoscedasticity condition was valid 

for the dependent variables. Results of equality of variance test are shown in Appendix F.  

Table 4: Normality and Transformation 

 

Variable Type γ η ε λ 

P-value 

Before 

P-value 

After 

Head Flexion SU -0.95473 1.16423 19.64340 8.32520 <.005 0.62000 

Head Bending SB 2.56707 1.79240 -1.07404 35.53484 <.005 0.89300 

Head Rotation SU -1.98963 1.42855 1.22822 1.48536 <.005 0.54300 

Neck Flexion SL -4.87005 1.70972 1.74179   <.005 0.14700 

Neck Bending SB 3.20665 1.79645 -0.81297 34.79377 <.005 0.91900 

Neck Rotation SU -1.68318 0.85231 0.72541 0.45034 <.005 0.24400 

Head-Neck Bending SU -2.64358 1.49658 0.47038 0.66627 <.005 0.93700 

Head -Neck 

Rotation SB 0.95996 0.92476 0.57334 7.01552 <.005 0.89300 

Head Vs Neck X SU -0.94347 1.76080 1.92682 3.82061 <.005 0.15700 

Head Vs Trunk X SU 0.85893 1.11521 0.11000 0.01419 <.005 0.29500 

Head Vs Trunk Y SU -0.59870 1.07678 20.26590 7.75047 <.005 0.21700 

Head Vs Trunk Z SU 0.65374 1.36469 -0.84401 4.55126 <.005 0.54100 

Neck Vs Trunk X NA             

Neck Vs Trunk Y SU -3.06419 1.33816 2.31652 2.19012 <.005 0.27800 

Neck Vs Trunk Z SU 0.97402 1.96690 0.55147 1.99871 <.005 0.09300 

Right SCM SU 0.77250 1.18943 5.11885 1.02459 <.005 0.14900 

Right Upper Trap SU -0.09680 1.64681 6.22492 5.71864 0.01500 0.02700 
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5.1 Posture  

5.1.1 Joint angles 

 

  The analysis of kinematic data revealed that the primary motion was in the flexion 

extension plane. Some motion was also observed in the bending and rotation planes. Mean head 

flexion angles ranged between 28 and 31 degrees. Mean head bending and rotation angles ranged 

between 4 and 7 degrees.  

  The effect of loupe condition on the head and neck bending was statistically significant. 

In general it was observed that without the use of loupes the head and neck bending angles were 

slightly higher than the three loupe conditions (Table 5 & Figure 11). However the difference 

was found to be very minimal (2 to 3 degrees). For the other rotational motions or joint angles 

the effect of loupe was statistically insignificant. 
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Table 5: Results of statistical analysis for joint angle. The mean and standard deviation (SD) of all angles are expressed in 

degrees. Asterisk (*) denotes statistical significance. For the means that are statistically significant, the results of post-hoc 

analysis are shown by letters. Means that don’t share a letter are significantly different. 
 

 Loupe condition Gender P – value 

Rotational axis No-loupe 10 degree 20 degree 30 degree Male Female Loupe 

condition 

Gender Loupe 

condition 

× Gender Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Head bending 
7.73(4.52) 

A 

5.77(2.74) 

AB 

5.43(2.78) 

B 

6.06(2.59) 

AB 
6.91(2.92) 5.59(3.62) 0.017* 0.003* 0.57 

Head flexion 31.8(12.2) 29.5(11.7) 29.7(12.0) 29.0(12.9) 29.3(14.6) 30.7(9.07) 0.467 0.008* 0.31 

Head rotation 5.92(4.09) 4.45(3.53) 5.09(3.35) 5.17(2.92) 4.24(1.90) 6.08(4.4) 0.066 0.019* 0.885 

Neck bending 
5.81(3.01) 

A 

4.26(2.38) 

B 

3.80(1.96) 

B 

4.16(2.29) 

B 
4.96(2.06) 4.06(2.88) 0.001* <0.005* 0.285 

Neck flexion 19.4(10.7) 17.9(10.3) 17.8(9.58) 17.5(10.1) 17.0(11.5) 19.2(8.33) 0.875 0.004* 0.709 

Neck rotation 4.14(3.61) 3.01(2.78) 3.31(2.91) 3.46(2.78) 2.46(1.51) 4.50(3.77) 0.161 0.003* 0.849 

Head-neck 

bending 
2.96(1.82) 2.60(1.48) 2.75(1.88) 2.74(1.68) 2.69(1.92) 2.84(1.47) 0.819 0.054* 0.748 

Head-neck flexion 13.7(4.93) 13.3(4.51) 13.9(4.26) 13.8(3.86) 15.7(4.29) 11.6(3.43) 0.762 <0.005* 0.617 

Head-neck 

rotation 
2.84(1.54) 2.42(1.33) 2.58(1.15) 2.67(1.22) 2.27(1.02) 2.99(1.47) 0.501 0.003* 0.218 
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Figure 13: Effect of loupe condition on the head and neck bending angles. Please note that the transformed data is used to plot 

this figure. Actual data is presented in Table 5. 
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Figure 14: Gender differences for the neck and head-neck flexion angles. 
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The effect of gender was statistically significant for most of the joint angles. Male participants 

exhibited higher head, neck and head-neck bending than females (Table 5). Female participants 

exhibited higher head, neck and head-neck rotations than males (Table & Figure 11). These 

differences were in the range of 1 to 2 degrees. Higher neck flexion was observed for the females 

than males and higher head-neck flexion was observed for the males than females (Table 5 & 

Figure 12). The flexion angle differences were in the range of 2 to 5 degrees.  

5.1.2 Segmental translations  

  Translation of head with respect to trunk in the anterior-posterior direction was 

significantly affected by the loupe condition (Table 6). Higher translation in the anterior-

posterior direction was observed for no-loupe condition compared to the three loupe conditions. 

Statistically no difference was found between the three loupe conditions (Table 6).  

  Translation of head with respect to trunk in the inferior-superior direction was also 

significantly affected by the loupe condition (Table 6). Lower translation in the inferior-superior 

direction was observed for no-loupe condition compared to the three loupe conditions. 

Statistically no difference was found between the three loupe conditions (Table 6). 

  Translation of head with respect to neck in the anterior-posterior direction showed 

trends similar to the translation of head with respect to trunk. Significantly higher translation was 

observed for no-loupe condition compared to the three loupe conditions and no difference was 

found between the three loupe conditions (Table 6). 

  Translation of head with respect to neck in the inferior-superior direction showed trends 

similar to the translation of head with respect to trunk. Significantly lower translation was  



 

50 

 

Table 5: Results of statistical analysis for postural translations. The mean and standard deviation (SD) of all translations are 

expressed in meters. Asterisk (*) denotes statistical significance. For the means that are statistically significant, the results of 

post-hoc analysis are shown by letters. Means that don’t share a letter are significantly different. 

 

  Loupe condition Gender P – value 

Translations Directions 

No-loupe 10 degree 20 degree 30 degree Male Female Loupe 

condition 

Gender Loupe 

condition 

× Gender (Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Mean (SD) Mean (SD) 

Head-trunk Anterior-

posterior 

0.099 (0.03) 

A 

0.091 (0.03) 

B 

0.090 (0.03) 

B 

0.087 (0.03) 

B 

0.081 (0.03) 0.103 (0.01)  

0.001* 

 

<0.005* 

 

0.795 

Medial-

lateral 

0.028 (0.03) 0.027 (0.03) 0.025 (0.03) 0.022 (0.03) 0.034 (0.03) 0.017 (0.01)  

0.149 

 

<0.005* 

 

0.748 

Inferior-

superior 

0.086 (0.01) 

A 

0.096 (0.06) 

B 

0.098 (0.02) 

B 

0.101 (0.01) 

B 

0.097 (0.01) 0.094 (0.02)  

<0.005* 

 

0.112 

 

0.720 

Head-neck Anterior-

posterior 

0.070 (0.02) 

A 

0.064 (0.02) 

B 

0.064 (0.02) 

B 

0.062 (0.02) 

B 

0.052 (0.02) 0.078 (0.01)  

<0.005* 

 

<0.005* 

 

0.573 

Medial-

lateral 

0.019 (0.02) 

 

0.017 (0.02) 

 

0.016 (0.02) 

 

0.014 (0.02) 

 

0.022 (0.02) 0.012 (0.01)  

0.133 

 

<0.005* 

 

0.843 

Inferior-

superior 

0.047 (0.02) 

B 

0.054 (0.02) 

AB 

0.055 (0.02) 

AB 

0.057 (0.02) 

A 

0.061 (0.02) 0.045 (0.02)  

0.046* 

 

<0.005* 

 

0.936 
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Figure 15: Effect of loupe condition on the head-trunk and head-neck translations in the 

AP and IS directions. Please note that the transformed data was used to plot this figure. 

Actual data is presented in Table 5.
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Table 6: Results of statistical analysis for muscle activity data. The mean and standard deviation (SD) of muscle activity are 

expressed in normalized mean absolute values. Asterisk (*) denotes statistical significance. 
  

 Loupe condition Gender P – value 

Muscles 

No-loupe 10 degree 20 degree 30 degree Male Female Loupe 

condition 

Gender Loupe 

condition 

× Gender Mean (SD) Mean (SD) Mean (SD) (Mean (SD)) Mean (SD) Mean (SD) 

Right 

sternocleidomastoid 3.86(1.27) 4.28(1.51) 4.11(1.47) 4.04(1.58) 3.93(1.09) 4.22(1.74) 0.405 0.01* 0.997 

Right upper 

trapezius 6.94(3.82) 7.13(3.72) 7.04(3.83) 6.39(3.59) 7.88(3.26) 5.86(3.87) 0.367 <0.005* 0.965 

Left 

sternocleidomastoid 3.76(1.90) 4.07(2) 4.02(1.68) 4.08(1.81) 3.38(2.07) 4.59(1.32) 0.592 <0.005* 0.411 

Left upper  

Trapezius 

 

7.01(3.98) 

 

7.39(4.44) 

 

6.82(3.58) 

 

6.81(3.65) 

 

7.24(3.89) 

 

6.77(3.90) 

 

0.857 

 

0.38 

 

0.746 
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observed for no-loupe condition compared to the 30 degree loupe conditions and no difference 

was found between the three loupe conditions (Table 6). 

 The three dimensional translations were also found to be different between males 

and females. Females showed significantly higher translations in the anterior-posterior 

directions for head with respect to trunk as well as for head with respect to neck. 

Translations in medial-lateral and inferior-superior directions were higher for males than 

females for head with respect to trunk as well as for head with respect to neck.   

 

 5.2 Muscle activity 

 

  Loupe condition had no effect on the activity of neck muscles (Table 7). Gender 

difference was observed for muscle activity. Females showed significantly higher muscle 

activation for right and left sternocleidomastoid muscles than males. Males showed higher 

activation for right upper trapezius muscles than females. 
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Figure 16: Gender differences for the muscle activity. 
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5.3 Discomfort 

 

  Loupe condition had no effect on the perceived discomfort in the right shoulder, 

left shoulder, base of the neck and top of the neck. Vision discomfort was significantly 

affected by the loupe condition. Mean discomfort for the 30 degree loupe condition was 

significantly higher than the rest of the conditions (Table 8).  

  Statistically significant gender difference was observed for the discomfort ratings. 

Males reported significantly higher discomfort than females for all the body regions (Table 

8 and Figure 15). 

Table 8: Results of statistical analysis for the discomfort rating data. Asterisk (*) denotes 

statistical significance. 

 

  No loupe 10 degree 20 degree 30 degree  P – value 

            

Right shoulder 1.94(0.98) 1.94(0.95) 1.77(0.83) 1.83(0.81) 0.739 

Left shoulder 1.55(0.96) 1.38(0.64) 1.30(0.52) 1.36(0.54) 0.389 

Base of neck,  

near shoulder 
2.30(0.92) 2.25(0.96) 2.02(0.81) 2(0.82) 0.214 

Top of neck, near 

skull 
2.16(0.97) 2(0.89) 1.83(0.77) 1.94(0.71) 0.352 

Vision 

1.83(0.87) 

A 

2.19(0.92) 

AB 

2.05(0.82) 

AB 

2.38(1.02) 

B 
0.036* 

 

 
Male Female P – value 

    
Right shoulder 2.20(0.73) 1.54(0.91) <0.005* 

Left shoulder 1.51(0.62) 1.29(0.74) 0.040* 

Base of neck,  

near shoulder 
2.54(0.80) 1.75(0.78) <0.005* 

Top of neck,  

near skull 
2.29(0.72) 1.68(0.85) <0.005* 

Vision 2.37(0.91) 1.86(0.87) <0.005* 
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Figure 17: Gender differences for the perceived discomfort. 
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Chapter 6:  Discussion and Conclusion 
 

 In this study, a simple surgical procedure was emulated in a laboratory setting to help 

understand the effect of using surgical loupes on the behavior of head and neck 

region/musculature. Additionally, gender difference and its interaction with the use of loupes 

were studied. Loupe condition had minimal effect on the head and neck joint angles. The only 

variables significantly affected were head bending and neck bending. Use of the loupe reduced 

these bending angles by a very small amount (~ 2 to 3 degree) and therefore the effect of loupe is 

biomechanically insignificant. For the rest of the joint angles the loupe condition had no effect. 

Thus, the data failed to reject the null hypothesis pertaining to the effect of loupe condition on 

the joint angles.  

 For the surgical task tested in this study head flexion ranged between 25 and 30 degrees. 

Several previous studies have reported a positive relationship between head flexion and self-

reported symptoms of neck pain for various working populations (Kilbom et al. 1986, Dartigues 

et al. 1988, Ignatius et al. 1993, Yu and Wong 1996, Szeto et al. 2002).  In a prospective cohort 

study among 1334 workers with many different job titles Ariens et al.,(2001) quantified the 

relation between neck pain and work related head inclination at three categories: 0-20, 20-45, 

>45° from the neutral position.  The authors have found that working time (>70%) with the neck 

at a minimum of 20° head flexion were associated with an increased risk of neck pain.  

 In the current study the head and neck postures were studied by defining three 

segments: head, neck, and trunk. To our knowledge, motions of these segments haven’t 

previously been evaluated in similar types of studies. Although head flexion (i.e., flexion of head 
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with respect to trunk) was found to be very similar for males and females, some differences in 

neck flexion (i.e., flexion of neck with respect to trunk) and head-neck flexion (i.e., flexion of 

head with respect to neck) were observed. Mean neck flexion for females was significantly 

higher than males; and mean head-neck flexion for males was significantly higher than females. 

This trend suggests that the lower cervical spine is less flexible and more rigid for males than 

females. Subsequently males tend to rely on the upper cervical spine to a greater extent than the 

lower cervical spine to accomplish head flexion.  

 In this research, loupe condition had a much more significant effect on translational 

motion than rotational motion, with effects reaching significance in the anterior-posterior and 

inferior-superior directions. The data rejected the null hypothesis pertaining to the effect of loupe 

condition on the segmental translations. The no-loupe condition was significantly different than 

all three with-loupe conditions, suggesting the presence of the loupe was more of a factor than 

which loupe angle was used. Reduced translation in the anterior-posterior direction and increased 

translation in the inferior-superior direction was observed when loupes were used. The 

corresponding change in rotational joint angles was minimal and insignificant. Anterior-posterior 

motion, such as moving the chin forward or backward, and inferior-superior motion, such as 

making the neck more or less erect, are examples of motion that can occur independently of a 

change in rotational angle.  

 Mismatch between the rotational and translational motions of the cervical spine also 

suggest that these motions are not perfectly correlated with each other when a marker based 

optical motion capture system is used. With a marker based system local coordinate frames are 

established for the segments. Rotations of these segments are quantified along fixed orthogonal 
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axes. Such axes may not represent the true rotational axes for the vertebral joints; as the vertebral 

joints are represented as universal joints with small range of motion but infinite functional 

degrees of freedom. 

 Reduced translation in the anterior-posterior direction and increased translation in the 

inferior-superior directions as well as reduced joint angles for the loupe conditions suggest that 

the use of loupe may forces a more erect or straightened neck posture. Such postures may not 

alter the response of active tissues (muscles) but may affect the loading of passive tissues. The 

analysis of muscle activity data indicates no difference in the loupe condition and thus seems to 

support this notion. The increased loading of passive tissue may lead to creep deformation of 

passive tissue.  A number of studies have identified that creep and the resulting deformation of 

passive tissues may compromise the stability of the spinal structures (Solomonow et al. 2003, 

Shin et al. 2009, Sánchez-Zuriaga et al. 2010). A less stable spine can be both a cause as well as 

a consequence of spinal pain. Future studies should evaluate the effect of loupe use on the 

interaction between cervical spine active and passive tissues.  

 The neck muscle activity data failed to reject the null hypothesis related to the loupe 

condition, i.e., the loupe condition had no effect on the neck muscle activity. The neck muscle 

activity levels found in this study are somewhat similar, if not, slightly higher than the data 

reported in the previous Video Display Terminal (VDT) studies. For the sternocleidomastoid 

muscles the mean activation of 3 to 4% MVC was observed in the current study. Previous VDT 

studies have reported an activity of 2 to 4 % MVC (Turville et al. 1998, Nimbarte et al. 2013a). 

For the upper trapezius muscles, the previous VDT studies have reported activation levels of 4 to 

5% MVC (Villanueva et al. 1997, Turville et al. 1998, Nimbarte et al. 2013a). In the current 



 

60 

 

study, the activation levels of 6 to 7 % MVC were observed for the upper trapezius muscles. 

Sustained muscle activation greater than 5% of the MVC is known to generate faster muscles 

fatigue and can also increase biomechanical load on passive structures (Jonsson 1982, Harms-

Ringdahl et al. 1986), further increasing the risk of neck musculoskeletal pain. 

 Some interesting trends were observed for the muscle activity patterns between males 

and females. Females showed higher activation for the anterior neck muscles than the males; and 

the males showed higher activation for the posterior neck muscles than females.   This suggest 

that posterior neck muscles (extensors) provide the required extension moment in males but in 

females the extension moment is provided by both anterior and posterior neck muscles. A few 

previous studies have reported difference in neck muscle activations for females compared to 

males (Nordander et al. 2008, Johansen et al. 2013). These studies have attributed the gender 

difference to factors such as difference in the functional capacity, physiological cross sectional 

areas and fiber composition for the gender differences in the muscle activity. One previous study 

reported findings similar to the current study, i.e., higher activation of anterior neck muscle for 

females and higher activation of posterior neck muscles for males than their 

counterparts(Nimbarte 2014). The anterior and posterior neck muscles in addition to supporting 

the head motions also connect the shoulder joints with the skull. The three joints that constitute 

the shoulder complex include glenohumeral, acromioclavicular, and sternoclavicular joints. The 

anterior sternocleidomastoid muscle originates at the sternoclavicular joint, with medial and 

lateral heads located at the manubrium of the sternum and the superior-anterior surface of the 

medial third of the clavicle, respectively. The insertion for the sternocleidomastoid muscle is the 

lateral surface of the mastoid process. The posterior upper trapezius muscle originates at the 
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external occipital protuberance and insert at lateral third of clavicle and acromion of scapula. The 

articulation between lateral aspect of clavicle and acromion of scapula forms the 

acromioclavicular joints. The sternoclavicular joint is more prominent in females than males and 

perhaps its stabilization may demand higher contribution by the sternocleidomastoid muscle in 

females than males.  

Finally, the perceived discomfort ratings were significantly affected by the gender but not 

by the loupe condition. Males reported higher ratings of perceived discomfort than females. One 

possible reason for this is the nature of the task tested in this study. The suturing task performed 

in this study required some level of dexterity and hand eye coordination. Traditionally females 

are better versed with the skills required for such tasks than males. Therefore it is possible that 

the males found the tasks slightly more discomforting than the females.  

The head postures observed in the current study when the loupes were tested required good 

amount of flexion with only mild bending and rotation. In a recent field study by Nimbarte et al., 

(2013c) much higher flexion, bending and rotation angles were reported. In this study 

professional surgeons operated on patients in a real operating room environment and most of the 

surgeries required operating on very small, irregular surfaces, often requiring working into a 

deep hole where visualization is difficult. Lack of realism is always an issue with lab-based 

simulation studies and is one of the limitations of this study. It is also possible that the tasks 

tested in this study were too simplistic and failed to evoke true biomechanical response. The 

other item of note in a lab based study is that the conclusions made with this study are only a 

snapshot of the muscles.  While there was not a significant amount of muscle activation reported, 

if these same subjects were to continue this same operation over an extended period of time it 
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may be found that the muscle activation and fatigue is greatly increased as posture becomes 

learned. For this reason it would be beneficial to use professionals to complete the research from 

a different perspective.  

In conclusion, the results of this study indicate that the participants relied on translational 

motions instead of the rotational motions of the head and neck to accommodate the different 

loupe conditions. Different postural and muscle recruitment patterns were observed for the males 

compared to the females when the suturing tasks were performed with and without loupes. 

Future research should be performed using more demanding surgical tasks and perhaps 

using trained professionals. It would also be beneficial to complete research that would test the 

chronic aspect of the muscle activation using trained professionals. Another possibility would be 

to test the muscle response against physician “training” where the training would consist of 

simple stretches and movements designed to help with the formation of creep in the physicians. 
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Appendix A: GRASIS Evaluation Form 
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Appendix B: Consent and Information Form 
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Appendix C: Participant anthropometric and characteristic data 

 
Gender 

age 
(yrs.) 

height 
(cm) 

weight 
(kg) 

shoulder 
width 
(cm) 

trunk 
length 
(cm) 

head 
circ 
(cm) 

head 
width 
(cm) 

head 
depth 
(cm) 

head 
height 
(cm) 

c7 top 
of head 

(cm) 

Trans- 
distance 

head trunk 
(cm) 

1 F 20 164 42 33 43 52 15 19 21 26 38.139 

2 F 19 166 61 32 34 55 14 18 18 25 34.754 

3 F 21 160 66 39 46 56 16 18 20 25 39.051 

4 F 19 158 43 33 43 51 14 18 19 25 37.836 

5 F 33 165 92 37 46 55 15 18 20 27 40.812 

6 F 25 169 87 37 45 55 14 19 21 24 37.232 

7 M 24 165 66 39 37 54 15 20 21 26 35.384 

8 M 20 175 64 45 53 57 16 19 22 26 42.817 

9 M 24 166 82 39 42 56 15 20 20 27 38.747 

10 M 32 166 59 35 45 54 15 18 19 25 39.538 

11 M 19 177 69 41 47 56 15 21 21 27 40.872 

12 M 19 181 68 39 49 56 14 19 20 23 38.381 

            
 

Male avg 23.0 171.7 67.9 39.5 45.3 55.4 13.3 19.3 20.5 25.7 39.3 

St dev. 5.0 6.9 7.6 3.3 5.7 1.2 4.3 1.0 1.1 1.4 2.5 

 
          

 

Female 22.8 163.5 65.1 35.0 42.8 54.0 14.6 18.4 19.7 25.3 38.0 

St dev. 5.5 4.0 21.2 2.7 4.3 2.2 0.8 0.4 1.4 1.1 2.0 

 
          

 

Combined 22.9 167.6 66.5 37.3 44.1 54.7 13.9 18.8 20.1 25.5 38.6 

St dev. 5.0 6.8 15.3 3.7 5.0 1.8 3.1 0.9 1.3 1.2 2.3 
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Appendix D: Discomfort Level Survey  

 

 

 

 

 

 

 

Discomfort Level Survey 

Name: 

Date: Loupe Angle: Trial #: 

For each item identified below, circle the number  

to the right that best fits your judgment. 

Description/Identification of Survey Item 

Scale 

L

o

w 

Discomfort 

Level 

H

i

g

h 

Discomfort in lower back 1 2 3 4 5 6 

Discomfort in right shoulder 1 2 3 4 5 6 

Discomfort in left shoulder 1 2 3 4 5 6 

Discomfort at the base of neck, near shoulders 1 2 3 4 5 6 

Discomfort at top of neck, near skull 1 2 3 4 5 6 

Discomfort in vision  1 2 3 4 5 6 
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   Appendix E:  Normality and Data Transformation 
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E.2 Segmental translation 
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E.3 Muscle activity 
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Appendix F:  Equality of Variance Tests 
 

F.1 Rotational joint angle 

Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.252.001.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 12.48

P-Value 0.086

Test Statistic 1.18

P-Value 0.319

Bartlett's Test

Levene's Test

Test for Equal Variances for Head flexion transformed

Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 11.94

P-Value 0.103

Test Statistic 1.69

P-Value 0.117

Bartlett's Test

Levene's Test

Test for Equal Variances for Head rotation transformed
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Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 11.89

P-Value 0.104

Test Statistic 1.53

P-Value 0.163

Bartlett's Test

Levene's Test

Test for Equal Variances for Neck bending transformed

Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.001.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 14.53

P-Value 0.043

Test Statistic 1.22

P-Value 0.297

Bartlett's Test

Levene's Test

Test for Equal Variances for Neck flexion transformed

 



 

85 

 

Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 13.45

P-Value 0.062

Test Statistic 2.10

P-Value 0.047

Bartlett's Test

Levene's Test

Test for Equal Variances for Neck rotation transformed

Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 9.30

P-Value 0.232

Test Statistic 0.73

P-Value 0.647

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-neck bending transformed
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Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

987654321

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 10.50

P-Value 0.162

Test Statistic 0.88

P-Value 0.522

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-neck flexion

Gender Loupe condition

Male

Female

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

No loupe

30 degree loupe

20 degree loupe

10 degree loupe

2.001.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 7.13

P-Value 0.415

Test Statistic 1.14

P-Value 0.340

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-neck rotation transformed
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F.2 Segmental translation 

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.252.001.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 6.23

P-Value 0.514

Test Statistic 1.23

P-Value 0.291

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-trunk_AP_transformed

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 5.59

P-Value 0.588

Test Statistic 0.89

P-Value 0.513

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-trunk_ML_transformed
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Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 18.57

P-Value 0.010

Test Statistic 1.65

P-Value 0.126

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-trunk_IS_transformed

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

1.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 3.93

P-Value 0.788

Test Statistic 0.49

P-Value 0.838

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-neck_AP_transformed
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Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 5.25

P-Value 0.629

Test Statistic 1.19

P-Value 0.311

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-neck_ML_transformed

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.001.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 6.85

P-Value 0.445

Test Statistic 0.87

P-Value 0.536

Bartlett's Test

Levene's Test

Test for Equal Variances for Head-neck_IS_transformed
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F.3 Muscle activity 

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 13.20

P-Value 0.067

Test Statistic 1.73

P-Value 0.109

Bartlett's Test

Levene's Test

Test for Equal Variances for RSCM transformed

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

2.252.001.751.501.251.000.750.50

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 2.61

P-Value 0.918

Test Statistic 0.50

P-Value 0.834

Bartlett's Test

Levene's Test

Test for Equal Variances for RCTRP transformed
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Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

4.54.03.53.02.52.01.51.00.5

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 15.43

P-Value 0.031

Test Statistic 1.77

P-Value 0.101

Bartlett's Test

Levene's Test

Test for Equal Variances for LSCM

 

Gender Loupe_condition

Male

Female

Noloupe

30 degrees

20 degrees

10 degrees

Noloupe

30 degrees

20 degrees

10 degrees

1098765432

95% Bonferroni Confidence Intervals for StDevs

Test Statistic 3.11

P-Value 0.875

Test Statistic 0.31

P-Value 0.948

Bartlett's Test

Levene's Test

Test for Equal Variances for LCTRP
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Appendix G:  ANOVA Table 
 

G.1 Rotational joint angle 

General Linear Model: Head bending, Head flexion, ... versus Subject, 
Gender, .  
 
Factor           Type    Levels  Values 

Subject          random       6  1, 2, 3, 4, 5, 6 

Gender           fixed        2  Female, Male 

Loupe condition  fixed        4  10 degree loupe, 20 degree loupe, 30 

degree 

                                 loupe, No loupe 

 

 

Analysis of Variance for Head bending transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS    Adj SS  Adj MS     F      P 

Subject                   5   26.9957   26.9957  5.3991  6.62  0.000 

Gender                    1    7.5410    7.5410  7.5410  9.25  0.003 

Loupe condition           3    8.6242    8.6242  2.8747  3.52  0.017 

Gender*Loupe condition    3    1.6452    1.6452  0.5484  0.67  0.570 

Error                   131  106.8413  106.8413  0.8156 

Total                   143  151.6474 

 

 

Analysis of Variance for Head flexion transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS   Adj SS   Adj MS      F      P 

Subject                   5   68.5708  68.5708  13.7142  32.72  0.000 

Gender                    1    3.0206   3.0206   3.0206   7.21  0.008 

Loupe condition           3    1.0736   1.0736   0.3579   0.85  0.467 

Gender*Loupe condition    3    1.5159   1.5159   0.5053   1.21  0.310 

Error                   131   54.9078  54.9078   0.4191 

Total                   143  129.0886 

 

 

Analysis of Variance for Head rotation transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS    Adj SS  Adj MS     F      P 

Subject                   5   32.5851   32.5851  6.5170  7.37  0.000 

Gender                    1    4.9816    4.9816  4.9816  5.63  0.019 

Loupe condition           3    6.5273    6.5273  2.1758  2.46  0.066 

Gender*Loupe condition    3    0.5725    0.5725  0.1908  0.22  0.885 

Error                   131  115.9064  115.9064  0.8848 

Total                   143  160.5728 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head 

bending 

     transformed 

 

Gender   N     Mean  Grouping 
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Male    72   0.2177  A 

Female  72  -0.2400    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head 

bending 

     transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.3825  A 

30 degree loupe  36  -0.0142  A B 

10 degree loupe  36  -0.1419  A B 

20 degree loupe  36  -0.2709    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head 

flexion 

     transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.1503  A 

Male    72  -0.1394    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head 

flexion 

     transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.1473  A 

20 degree loupe  36  -0.0181  A 

10 degree loupe  36  -0.0208  A 

30 degree loupe  36  -0.0865  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head 

rotation 

     transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.2700  A 

Male    72  -0.1020    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head 

rotation 

     transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.3338  A 
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30 degree loupe  36   0.1688  A B 

20 degree loupe  36   0.0837  A B 

10 degree loupe  36  -0.2503    B 

 

Means that do not share a letter are significantly different. 

 

General Linear Model: Neck bending, Neck flexion, ... versus Subject, 
Gender, .  
 
Factor           Type    Levels  Values 

Subject          random       6  1, 2, 3, 4, 5, 6 

Gender           fixed        2  Female, Male 

Loupe condition  fixed        4  10 degree loupe, 20 degree loupe, 30 

degree 

                                 loupe, No loupe 

 

 

Analysis of Variance for Neck bending transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS   Adj SS  Adj MS      F      P 

Subject                   5   34.1213  34.1213  6.8243   9.79  0.000 

Gender                    1    9.2739   9.2739  9.2739  13.30  0.000 

Loupe condition           3   12.2564  12.2564  4.0855   5.86  0.001 

Gender*Loupe condition    3    2.6712   2.6712  0.8904   1.28  0.285 

Error                   131   91.3256  91.3256  0.6971 

Total                   143  149.6484 

 

 

Analysis of Variance for Neck flexion transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS   Adj SS  Adj MS      F      P 

Subject                   5   32.4053  32.4053  6.4811  12.17  0.000 

Gender                    1    4.6104   4.6104  4.6104   8.65  0.004 

Loupe condition           3    0.3691   0.3691  0.1230   0.23  0.875 

Gender*Loupe condition    3    0.7401   0.7401  0.2467   0.46  0.709 

Error                   131   69.7869  69.7869  0.5327 

Total                   143  107.9118 

 

 

Analysis of Variance for Neck rotation transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS   Adj SS  Adj MS     F      P 

Subject                   5   32.5697  32.5697  6.5139  9.18  0.000 

Gender                    1    6.4990   6.4990  6.4990  9.16  0.003 

Loupe condition           3    3.7156   3.7156  1.2385  1.75  0.161 

Gender*Loupe condition    3    0.5682   0.5682  0.1894  0.27  0.849 

Error                   131   92.9081  92.9081  0.7092 

Total                   143  136.2606 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Neck 

bending 

     transformed 
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Gender   N     Mean  Grouping 

Male    72   0.1929  A 

Female  72  -0.3146    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Neck 

bending 

     transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.4294  A 

10 degree loupe  36  -0.1621    B 

30 degree loupe  36  -0.1710    B 

20 degree loupe  36  -0.3396    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Neck 

flexion 

     transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.2131  A 

Male    72  -0.1448    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Neck 

flexion 

     transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.1190  A 

20 degree loupe  36   0.0231  A 

10 degree loupe  36   0.0077  A 

30 degree loupe  36  -0.0132  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Neck 

rotation 

     transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.1972  A 

Male    72  -0.2277    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Neck 

rotation 

     transformed 

 

Loupe condition   N     Mean  Grouping 
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No loupe         36   0.2395  A 

30 degree loupe  36  -0.0014  A 

20 degree loupe  36  -0.1170  A 

10 degree loupe  36  -0.1819  A 

 

Means that do not share a letter are significantly different. 

 

General Linear Model: Head-neck be, Head-neck fl, ... versus Subject, 
Gender, .  
 
Factor           Type    Levels  Values 

Subject          random       6  1, 2, 3, 4, 5, 6 

Gender           fixed        2  Female, Male 

Loupe condition  fixed        4  10 degree loupe, 20 degree loupe, 30 

degree 

                                 loupe, No loupe 

 

 

Analysis of Variance for Head-neck bending transformed, using Adjusted SS 

for 

     Tests 

 

Source                   DF    Seq SS   Adj SS  Adj MS      F      P 

Subject                   5   47.0749  47.0749  9.4150  12.74  0.000 

Gender                    1    2.8025   2.8025  2.8025   3.79  0.054 

Loupe condition           3    0.6844   0.6844  0.2281   0.31  0.819 

Gender*Loupe condition    3    0.9032   0.9032  0.3011   0.41  0.748 

Error                   131   96.7747  96.7747  0.7387 

Total                   143  148.2398 

 

 

Analysis of Variance for Head-neck flexion, using Adjusted SS for Tests 

 

Source                   DF   Seq SS   Adj SS  Adj MS      F      P 

Subject                   5  1176.94  1176.94  235.39  32.49  0.000 

Gender                    1   587.13   587.13  587.13  81.05  0.000 

Loupe condition           3     8.43     8.43    2.81   0.39  0.762 

Gender*Loupe condition    3    13.01    13.01    4.34   0.60  0.617 

Error                   131   949.03   949.03    7.24 

Total                   143  2734.54 

 

 

Analysis of Variance for Head-neck rotation transformed, using Adjusted SS 

for 

     Tests 

 

Source                   DF    Seq SS    Adj SS  Adj MS     F      P 

Subject                   5    8.7815    8.7815  1.7563  2.04  0.078 

Gender                    1    7.7305    7.7305  7.7305  8.96  0.003 

Loupe condition           3    2.0451    2.0451  0.6817  0.79  0.501 

Gender*Loupe condition    3    3.8732    3.8732  1.2911  1.50  0.218 

Error                   131  112.9766  112.9766  0.8624 

Total                   143  135.4069 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head-neck 

     bending transformed 

 

Gender   N     Mean  Grouping 
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Female  72   0.0987  A 

Male    72  -0.1803  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head-neck 

     bending transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.0675  A 

30 degree loupe  36  -0.0305  A 

10 degree loupe  36  -0.0913  A 

20 degree loupe  36  -0.1089  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head-neck 

     flexion 

 

Gender   N     Mean  Grouping 

Male    72  15.7274  A 

Female  72  11.6889    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head-neck 

     flexion 

 

Loupe condition   N     Mean  Grouping 

20 degree loupe  36  13.9161  A 

30 degree loupe  36  13.8575  A 

No loupe         36  13.7584  A 

10 degree loupe  36  13.3006  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head-neck 

     rotation transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.2004  A 

Male    72  -0.2630    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for Head-neck 

     rotation transformed 

 

Loupe condition   N     Mean  Grouping 

No loupe         36   0.1096  A 

30 degree loupe  36   0.0395  A 

20 degree loupe  36  -0.0678  A 

10 degree loupe  36  -0.2063  A 

 

Means that do not share a letter are significantly different. 
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G.2 Segmental translation 

General Linear Model: Head-trunk_A, Head-trunk_M, ... versus Subject, 
Loupe_con  
 
Factor           Type    Levels  Values 

Subject          random       6  1, 2, 3, 4, 5, 6 

Loupe_condition  fixed        4  10 degrees, 20 degrees, 30 degrees, 

Noloupe 

Gender           fixed        2  Female, Male 

 

 

Analysis of Variance for Head-trunk_AP_transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS   Adj SS   Adj MS      F      P 

Subject                   5   61.8796  61.8796  12.3759  27.89  0.000 

Loupe_condition           3    7.7421   7.7421   2.5807   5.82  0.001 

Gender                    1   25.0690  25.0690  25.0690  56.50  0.000 

Loupe_condition*Gender    3    0.4543   0.4543   0.1514   0.34  0.795 

Error                   131   58.1207  58.1207   0.4437 

Total                   143  153.2657 

 

 

Analysis of Variance for Head-trunk_ML_transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS    Adj SS   Adj MS      F      P 

Subject                   5   27.1859   27.1859   5.4372   6.08  0.000 

Loupe_condition           3    4.9409    4.9409   1.6470   1.84  0.143 

Gender                    1   11.8460   11.8460  11.8460  13.25  0.000 

Loupe_condition*Gender    3    1.0313    1.0313   0.3438   0.38  0.764 

Error                   131  117.0819  117.0819   0.8938 

Total                   143  162.0861 

 

Analysis of Variance for Head-trunk_IS_transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS   Adj SS  Adj MS      F      P 

Subject                   5   19.1171  19.1171  3.8234   5.89  0.000 

Loupe_condition           3   23.0778  23.0778  7.6926  11.84  0.000 

Gender                    1    1.6595   1.6595  1.6595   2.55  0.112 

Loupe_condition*Gender    3    0.8720   0.8720  0.2907   0.45  0.720 

Error                   131   85.1071  85.1071  0.6497 

Total                   143  129.8335 

 

 

Analysis of Variance for Head-neck_AP_transformed, using Adjusted SS for 

Tests 

 

Source                   DF   Seq SS  Adj SS  Adj MS       F      P 

Subject                   5   68.013  68.013  13.603   73.67  0.000 

Loupe_condition           3    8.944   8.944   2.981   16.14  0.000 

Gender                    1   80.347  80.347  80.347  435.13  0.000 

Loupe_condition*Gender    3    0.338   0.338   0.113    0.61  0.610 

Error                   131   24.189  24.189   0.185 

Total                   143  181.830 
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Analysis of Variance for Head-neck_ML_transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS    Adj SS  Adj MS     F      P 

Subject                   5   19.5604   19.5604  3.9121  4.36  0.001 

Loupe_condition           3    5.1067    5.1067  1.7022  1.90  0.133 

Gender                    1    7.2924    7.2924  7.2924  8.13  0.005 

Loupe_condition*Gender    3    0.7402    0.7402  0.2467  0.28  0.843 

Error                   131  117.4410  117.4410  0.8965 

Total                   143  150.1406 

 

 

Analysis of Variance for Head-neck_IS_transformed, using Adjusted SS for 

Tests 

 

Source                   DF    Seq SS    Adj SS   Adj MS      F      P 

Subject                   5   21.4378   21.4378   4.2876   5.18  0.000 

Loupe_condition           3    6.7864    6.7864   2.2621   2.73  0.046 

Gender                    1   24.7527   24.7527  24.7527  29.90  0.000 

Loupe_condition*Gender    3    0.3457    0.3457   0.1152   0.14  0.936 

Error                   131  108.4331  108.4331   0.8277 

Total                   143  161.7557 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-trunk_AP_transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.4239  A 

Male    72  -0.4106    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-trunk_AP_transformed 

 

Loupe_condition   N     Mean  Grouping 

Noloupe          36   0.3919  A 

10 degrees       36  -0.0363    B 

20 degrees       36  -0.1084    B 

30 degrees       36  -0.2205    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-trunk_ML_transformed 

 

Gender   N     Mean  Grouping 

Male    72   0.2758  A 

Female  72  -0.2978    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-trunk_ML_transformed 
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Loupe_condition   N     Mean  Grouping 

Noloupe          36   0.2028  A 

10 degrees       36   0.0831  A 

20 degrees       36  -0.0322  A 

30 degrees       36  -0.2978  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-trunk_IS_transformed 

 

Gender   N     Mean  Grouping 

Male    72   0.0666  A 

Female  72  -0.1481  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-trunk_IS_transformed 

 

Loupe_condition   N     Mean  Grouping 

30 degrees       36   0.3913  A 

20 degrees       36   0.1350  A 

10 degrees       36   0.0008  A 

Noloupe          36  -0.6902    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-neck_AP_transformed 

 

Gender   N     Mean  Grouping 

Female  72   0.7502  A 

Male    72  -0.7437    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-neck_AP_transformed 

 

Loupe_condition   N     Mean  Grouping 

Noloupe          36   0.4270  A 

10 degrees       36  -0.0896    B 

20 degrees       36  -0.1097    B 

30 degrees       36  -0.2147    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-neck_ML_transformed 

 

Gender   N     Mean  Grouping 

Male    72   0.2522  A 

Female  72  -0.1979    B 
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Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-neck_ML_transformed 

 

Loupe_condition   N     Mean  Grouping 

Noloupe          36   0.2520  A 

10 degrees       36   0.0900  A 

20 degrees       36   0.0351  A 

30 degrees       36  -0.2683  A 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-neck_IS_transformed 

 

Gender   N     Mean  Grouping 

Male    72   0.3921  A 

Female  72  -0.4371    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for 

     Head-neck_IS_transformed 

 

Loupe_condition   N     Mean  Grouping 

30 degrees       36   0.2221  A 

20 degrees       36   0.0632  A B 

10 degrees       36  -0.0048  A B 

Noloupe          36  -0.3704    B 

 

Means that do not share a letter are significantly different. 
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G.3 Muscle activity 

General Linear Model: RSCM transfo, RCTRP transf, ... versus Subject, 
Loupe_con  
 
Factor           Type    Levels  Values 

Subject          random       5  1, 2, 3, 4, 5 

Loupe_condition  fixed        4  10 degrees, 20 degrees, 30 degrees, 

Noloupe 

Gender           fixed        2  Female, Male 

 

 

Analysis of Variance for RSCM transformed, using Adjusted SS for Tests 

 

Source                   DF    Seq SS   Adj SS  Adj MS      F      P 

Subject                   4   32.4705  32.4705  8.1176  10.08  0.000 

Loupe_condition           3    2.3704   2.3704  0.7901   0.98  0.405 

Gender                    1    5.5822   5.5822  5.5822   6.93  0.010 

Loupe_condition*Gender    3    0.0410   0.0410  0.0137   0.02  0.997 

Error                   108   87.0122  87.0122  0.8057 

Total                   119  127.4763 

 

 

Analysis of Variance for RCTRP transformed, using Adjusted SS for Tests 

 

Source                   DF    Seq SS   Adj SS   Adj MS      F      P 

Subject                   4   73.6759  73.6759  18.4190  86.48  0.000 

Loupe_condition           3    0.6803   0.6803   0.2268   1.06  0.367 

Gender                    1    7.5140   7.5140   7.5140  35.28  0.000 

Loupe_condition*Gender    3    0.0577   0.0577   0.0192   0.09  0.965 

Error                   108   23.0026  23.0026   0.2130 

Total                   119  104.9306 

 

 

Analysis of Variance for LSCM, using Adjusted SS for Tests 

 

Source                   DF   Seq SS   Adj SS  Adj MS      F      P 

Subject                   4  235.946  235.946  58.986  54.45  0.000 

Loupe_condition           3    2.075    2.075   0.692   0.64  0.592 

Gender                    1   43.464   43.464  43.464  40.12  0.000 

Loupe_condition*Gender    3    3.146    3.146   1.049   0.97  0.411 

Error                   108  116.989  116.989   1.083 

Total                   119  401.619 

 

Analysis of Variance for LCTRP, using Adjusted SS for Tests 

 

Source                   DF    Seq SS   Adj SS   Adj MS      F      P 

Subject                   4   849.584  849.584  212.396  24.78  0.000 

Loupe_condition           3     6.564    6.564    2.188   0.26  0.857 

Gender                    1     6.653    6.653    6.653   0.78  0.380 

Loupe_condition*Gender    3    10.546   10.546    3.515   0.41  0.746 

Error                   108   925.531  925.531    8.570 

Total                   119  1798.877 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for RSCM 

     transformed 

 

Gender   N     Mean  Grouping 

Female  60   0.1942  A 
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Male    60  -0.2372    B 

 

Means that do not share a letter are significantly different. 

 

Grouping Information Using Tukey Method and 95.0% Confidence for RCTRP 

     transformed 

 

Gender   N     Mean  Grouping 

Male    60   0.3144  A 

Female  60  -0.1861    B 

 

Grouping Information Using Tukey Method and 95.0% Confidence for LSCM 

 

Gender   N    Mean  Grouping 

Female  60  4.5914  A 

Male    60  3.3878    B 

 

Means that do not share a letter are significantly different. 

 

 

Grouping Information Using Tukey Method and 95.0% Confidence for LCTRP 

 

Gender   N    Mean  Grouping 

Male    60  7.2444  A 

Female  60  6.7735  A 

 

Means that do not share a letter are significantly different. 
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