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A survey of computer use patterns among 179 physicians within multiple outpatient diagnostic clinics of a 
major healthcare system in the USA showed significant gender effects. A majority of physicians reported 
daily use of a desk mounted computer. Female physicians spent more time using a computer, were more 
likely to adjust the keyboard, but felt less familiar with the adjustability features. Over half of respondents 
reported upper body musculoskeletal discomfort. Female physicians experienced more frequent neck, 
shoulder, upper back and right hand musculoskeletal discomfort symptoms which seem to relate to their 
hours of computer use. Implications for the increased use of computers in healthcare are described. 
 

INTRODUCTION 
 

The use of healthcare information technology (HIT) may 
potentialy save $265 billion in healthcare costs in the coming 
decade (Blumenthal, & Cortese, 2010). In 2009 only some 
44% of office-based physicians were estimated to be using an 
electronic medical record (EMR) or electronic health record 
(EHR) system with higher adoption rates anticipated in the 
future (Hsiao et al., 2009). Furukawa (2011) evaluated the 
impact of EMR use by 2,625 physicians for 62,710 patient 
visits in 2006-7 and found that EMR use resulted in a 7.7% 
increase in any examination (95% CI = 2.4%, 13.1%); a 5.7% 
increase in any laboratory test (95% CI = 2.6%, 8.8%); a 4.9% 
increase in any health education (95% CI = 0.2%,9.6%); 7.1% 
fewer laboratory tests (95% CI = -14.2%, -0.1%) and 7.3% 
fewer radiology procedures during pre/post-surgery visits 
(95% CI= -12.9%, -1.8%). To further promote the use of HIT 
by physicians, in 2009 Congress passed the American 
Recovery and Reinvestment Act which provides $20 billion 
funding incentives for greater adoption of health information 
technology (HIT). Since then the rate of HIT adoption has 
accelerated (Blumenthal, 2010; Hedge et al., 2011) as have 
research publications on this topic. A recent review of the 
impact of HIT reported either clear or predominantly positive 
results for 92% of 154 studies (Buntin et al., 2011).  

However, the focus of almost all of the studies has been 
on outcome measures that either evaluate patient care or 
quantify costs; consideration of the health and well-being of 
the medical care personnel using HIT is rarely addressed.  
The rush to implement HIT systems has focused almost solely 
on emphasizing the potential benefits of the technology for 
patients and finances and scant attention has been paid to the 
potential injury risks for musculoskeletal disorders and 
associated ergonomic design considerations. To better 
understand these issues the present study reports on the 
computer use patterns of physicians working in private 
diagnostic clinics in a major healthcare system. 
 

METHODS 
Sample Profile 
 

The research sample comprised 179 physicians (93 men, 
86 women) working in outpatient Private Diagnostic Clinics 
(PDCs) in the Duke University School of Medicine and Health 
System in Durham, North Carolina who voluntarily responded 
to an email invitation to participate in the study. The 
respondents comprised 13.8% of all PDC MDs. 
 
Survey Instrument and Procedure 

A web-based survey was developed which comprised 31 
questions (a total of 83 items) asking about demographic 
information, patterns of computer use at work and at home, 
and the frequency and severity of any musculoskeletal 
symptoms.  The survey had four sections: 
1. personal information (gender, age, length of working, and 

location of work).  
2. use of different computer technology both at work and at 

home, including questions on the frequency of use and 
adjustment to various items of computer equipment. It did 
not include voice-recognition technology because this is 
not typically used in the clinics.  

3. the kind of computer work undertaken and typing 
proficiency.  

4. the frequency and severity of postural comfort at work for 
21 body segments, whether a computer related injury had 
been experienced and whether any interventions have 
been undertaken to correct the situation.  

Finally, there was an open ended comments section. 
The survey was electronically administered. An email 

invitation to participate in the survey was sent to PDC 
physicians, and two-weeks later a follow-up email invitation 
was sent. The survey instrument and procedure were approved 
by the IRBs at Cornell University and Duke University School 
of Medicine. 
 
Data Analysis 

All data were analyzed using a multivariate statistical 
package (SPSS v19). Chi-square tests were used to test the 
effects of gender on computer use and the frequency of 
musculoskeletal discomfort. Independent t-tests were used to 
test gender effects for scaled data.  Three musculoskeletal 
symptom indices were computed: upper body (neck, shoulder, 
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upper back, lower back); upper limbs (upper arms, elbows, 
forearms, wrists, hands); lower limbs (hips, thighs, lower legs, 
feet). For each index the frequency score for the symptom (0 
through 4) was multiplied by the discomfort score (1 through 
3) and then averaged. A p value <0.05 was the criterion for 
significance. 
 

RESULTS 
 

Female physicians were significantly younger than male 
physicians (χ2 = 11.08, df=4, p=0.026). For women, 35.9% 
were <= 40 years, 59.3% were 41-60 years and 5.8% were >60 
years, whereas for men 17.2% were <= 40 years, 65.6% were 
41-60 years and 17.2% were >60 years. However, there was 
no significant gender difference in the time spent working in 
the clinics.  

Female physicians spent significantly more time (t = 2.78, 
df = 177 p=0.006) working on a computer in the clinic (5.7 
hours) than men (4.8 hours). However, there was no 
significant difference in home computer use (men = 2.1 hours; 
women = 2.2 hours), or in how computer use had changed in 
the previous 12 months in the clinic (30.4% of men and 29.8% 
of women said this had increased) or in the home (30.5% of 
men and 38.4% of women said this had increased). There was 
no significant difference in face-to-face time with patients in 
the clinic (men = 5.0 hours; women = 4.7 hours).  

Only 4.3% of men and 2.3% of women reported daily use 
of a wall-mounted computer in the clinic whereas a majority 
of physicians (59.1% of men and 68.6% women) reported 
daily use of a desktop computer in the clinic. Significantly 
more female physicians (57.2%) than male physicians (40.9%) 
reported ‘sometimes’ or ‘often’ adjusting the position of their 
keyboard (χ2 = 11.04, df = 3, p =0.012) but there was no 
comparable difference for screen monitor adjustment ( men = 
34.1%; women = 42.8%).  

Almost none of the physicians reported using a 
Computer-On-Wheels cart on a daily basis (men = 1.1%; 
women = 1.2%). Interestingly, significantly more men 
(87.9%) than women (69.8%) said that they were ‘somewhat’ 
or ‘very’ familiar with the adjustability of their computer 
furniture/equipment at work (χ2 = 10.42, df = 2, p = 0.005). 
There was a marginally significant gender difference (χ2 = 
5.87, df = 2, p = 0.053) in knowledge of ergonomics (men = 
6.5% expert knowledge, 64.1% some knowledge; women = 
2.3% expert knowledge, 52.3% some knowledge).  
 
Prevalence of musculoskeletal symptoms 
 

The frequency of experiencing musculoskeletal symptoms 
on at least a weekly basis is summarized in Figure 1. The 
prevalence of musculoskeletal discomfort was quite 
widespread. There were significant differences in symptom 
prevalence by gender with women experiencing more frequent 
symptoms than men for the neck (χ2 = 25.72, df = 4, p = 
0.0001), shoulders (χ2 = 17.63, df = 4, p = 0.001), upper back 
(χ2 = 15.71, df = 4, p = 0.003) and right hand (χ2 = 11.62, df = 
4, p = 0.02) and the following describes these differences are 
in detail. 

 

Neck Discomfort 
The frequency of neck discomfort was high and 95.5% of 

female physicians and 85.7% of male physicians experienced 
discomfort. Female physicians reported more frequent 
discomfort as is shown in Figure 2, and no male physicians 
reported discomfort several times daily. 
 
Figure 1 Prevalence of Musculoskeletal Discomfort by Gender 
  (*p<0.05; *** p<0.001) 

 
 
Figure 2 Prevalence of Neck Discomfort by Gender 

 
The frequency of neck discomfort was compared to the 

daily hours of computer use in the clinic (Figure 3) and this 
shows that women who experienced more frequent neck 
discomfort were spending more time on a computer each day. 
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Shoulder Discomfort 
The frequency of shoulder discomfort is shown in Figure 

4. None of the male physicians reported daily symptoms of 
shoulder discomfort but almost 20% of the female physicians 
experienced shoulder discomfort daily or multiple times each 
day. The frequency of shoulder discomfort was compared to 
the daily hours of computer use in the clinic (Figure 5) and 
this shows that women who experienced more frequent 
shoulder discomfort were spending more time on a computer 
each day. 

 
Figure 3 Neck Discomfort and Clinic Computer Use by Gender 

 
 

Figure 4 Prevalence of Shoulder Discomfort by Gender 

 
Figure 5 Shoulder Discomfort and Clinic Computer Use by Gender 

 
 
 

Upper Back Discomfort 
The frequency of upper back discomfort is shown in 

Figure 6. Overall, 81.8% of female physicians experienced 
this discomfort compared with 71.4% of male physicians. The 
male physicians reported less frequent upper back symptoms 
whereas the female physicians experienced this more frequent 
discomfort. The frequency of upper back discomfort was 
compared to the daily hours of computer use in the clinic 
(Figure 7) and this shows that women who experienced more 
frequent upper back discomfort tended to spend more time on 
a computer each day. 
 
Figure 6 Prevalence of Upper Back Discomfort by Gender 

 
Figure 7 Upper Back Discomfort and Clinic Computer Use by 
Gender 
 

 
 
Right Hand Discomfort 

The frequency of right hand discomfort is shown in 
Figure 8. One-third (36%) of female physicians experienced 
right hand discomfort compared with 23.7% of male 
physicians, and 12.8% of female physicians experienced daily 
discomfort compared with  only 2.2% of male physicians. 

The frequency of right hand discomfort was compared to 
the daily hours of computer use in the clinic (Figure 9) and 
this shows that women who experienced more frequent right 
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hand discomfort tended to spend more time on a computer 
each day. 

There was a significant effect of age on typing 
proficiency: 19.6% of those 40 years or younger rated 
themselves as hunt’n’peck typists compared to 28.8% of those 
41 years or older (χ2 = 14.975, df=3, p <0.002). There was no 
significant difference by gender in typing skill. The effect of 
typing skill on the frequency of symptoms for each gender is 
shown in Figure 10. There was a trend for faster typists to 
experience more frequent symptoms.  

 
Figure 8 Prevalence of Right Hand Discomfort by Gender 
 

 
Figure 9 Right Hand Discomfort and Clinic Computer Use by 
Gender 
 

  
Musculoskeletal Indices (MI) 
There was a significant effect of gender on the upper body MI 
(t = 4.84, df 152, p=0.0001) and upper limbs MI (t = 1.98, df 
155, p=0.05) but not the lower limbs MI (Table 1). 
 
Self-reported Injuries 
Twice as many female physicians reported having experienced 
a computer work related injury (14%) compared with male 
physicians (6.5%). The specific injuries reported are 
summarized in Table 2. 
 
 

Figure 10 At Least Daily Discomfort and Typing Skill by Symptom 
and by Gender 

 
 
Table 1 MIs Reported By The Physicians By Gender 
 

MI Male Female 
Upper body 1.06 2.65 

Upper limbs 0.39 0.74 

Lower limbs 0.16 0.35 
 
Table 2 Injuries Reported By The Physicians By Gender 
 

Male 
Physicians 

Not officially diagnosed; left arm shoulder discomfort, maybe 
from carrying computer. 
Overuse injury due to change in computer systems 

Pinched nerves and muscle spasm right side 

Tremor in hands when doing large amounts of typing and right 
shoulder pain associated with using mouse 
Unknown if work contributed to cervical disc injury. 

Wrist pain 

Female 
Physicians 

Arthritis of the 1st PIP joint right hand 

Carpal tunnel syndrome 

Carpal tunnel syndrome.  Chronic upper neck and back pain 

Chair fell hurt Lower Back 

Herniated L5-S1 disc, severe muscle spasms with paresthesias 
in right upper neck, arm and shoulder 

I think my chronic neck pain is due to computer use in non 
ergonomic settings ( shared work stations or non docked laptop 
during patient care).  When I am off for a week I have no pain 
Index finger MP joint pain 

Multiple neck/shoulder/back issues, related to keyboarding, 
mouse. 
Our setup is so ergonomically poor even if you try to adjust 
seat, keyboard etc. It is not a good scene at all and really really 
needs to be addressed especially prior to EPIC 
Right ulnar neuropathy 

Tennis elbow, shoulder/neck strain 

Was asked to carry around a tablet PC for a while: that gave 
me tennis elbow and a sore wrist 
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Medical Information Entry  
The female physicians were significantly younger than the 

male physicians and it is possible that the increased computer 
use and higher discomfort rates might be explained by 
generational differences with the older male physicians more 
likely to use dictation while the younger female physicians use 
computers and technology routinely. To test this hypothesis 
the mode by which physicians entered medical information 
was compared for each gender but there was no significant 
difference: 75.3% of men 72.1% women said that they did 
direct computer entry, 65.6% of men and 67.4% of women 
said that they used dictation. There was also no significant 
difference for those who indicated both modes of entry: 46.2% 
men and 44.2% women. 
 

DISCUSSION 
 

This survey has revealed a surprisingly high prevalence of 
musculoskeletal discomfort symptoms and it has shown some 
significant gender differences, with female physicians 
experiencing more musculoskeletal discomfort than male 
physicians. It seems that this difference cannot be explained 
by the manner of entering patient information but it may relate 
to the duration of computer use, typing skill and perhaps to 
differences in physical dimensions, adjustments and the layout 
of the PC keyboard and screen and workstation furniture.  

Daily exposures to the potentially adverse effects of poor 
computer workspace design are quite high and levels of 
discomfort associated with computer use exceed those often 
seen in commercial office workplaces (e.g. Hedge et al., 
2011). Even though more female than male physicians 
reported making adjustments to the position of their keyboard 
they noted less familiarity with these adjustments, which may 
be an issue of their knowledge of ergonomics because more 
male physicians said that they had ‘some’ or ‘expert’ 
knowledge of ergonomics, and the female physicians 
experienced more upper body and upper limb discomfort.  In 
future studies we hope that it might be possible to validate 
self-report data against objective measures of computer use. 

The clinics that participated in this survey will be 
migrating to a new electronic medical records software system 
that will require everyone to use computers for direct entry. If 
the clinics do not also adopt the use of voice recognition 
software and require only keyboard and mouse input it is 
highly probable that the prevalence, frequency and severity of 
musculoskeletal symptoms will increase. 

It seems inevitable that the use of information technology 
in healthcare will continue to grow rapidly in the coming 
years. All too often the focus of this growth is on the 
capabilities of the software and the need for good ergonomic 
designs for the delivery of this technology and the effective 
training of physicians in good ergonomic practices is often 
overlooked.  This survey of MDs working in PDCs in a major 
health system has shown that computer use is a substantial 
part of their daily work. Although a variety of different 
computing devices are being used both at work and at home, 
the desktop PC is still the dominant technology, although this 

will most likely change in the future. The findings of this 
survey confirm the importance of the ergonomic design of 
clinical workplaces to protect medical personnel against 
musculoskeletal injury risks and promote their effectiveness. 

This study has provided valuable baseline data and future 
research will be conducted following implementation of a new 
electronic medical records system at the clinics. 
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