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Literature indicates a significant history of work- 
related musculoskeletal disorders (WRMSD) 
among diagnostic medical sonographers (DMS) 
and vascular technologist (VTs). To gather cur-
rent data related to this historical trend, the 
authors administered a survey to a random and 
convenient sample of 5200 registered DMS and 
VTs. The invitation to complete the survey on a 
secure Web site yielded the largest participant 
sample to date of 2963 completed surveys (57% 
response). Data relative to the prevalence of 
WRMSD were analyzed and compared to other 
WRMSD research over the past decade. Results 
indicated that 90% of respondents were scan-
ning in pain, a 9% increase since the last large-
scale survey in 1997. Across all demographics, 
shoulder pain is most common, with older and 
more experienced sonographers having more 
finger, hand, and wrist pain than other groups. 
Pain continues to be related to pressure applied 
to the transducer, abduction of the arm, and 
twisting of the neck and trunk. Ergonomic equip-
ment and education are provided by application 
specialists, but the incidence of WRMSD appears 
to be unabated. Higher order research, includ-
ing randomized trials, with education and ergo-
nomic interventions is needed to protect DMS 
and VTs who are necessary to meet increasing 
health care demands.

Key words: ergonomics, musculoskeletal dis-
order, sonography, human factors

The reporting of work-related musculoskeletal 
disorders (WRMDS) within the sonography profes-
sion first came to light through the publication of 
serial case reports by Craig in 1985.1 Her reports of 
musculoskeletal injury related to working with 
patients and equipment in the field prompted  
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studies to better quantify the incidence and preva-
lence of these injuries.2–4 Since this initial recogni-
tion of the problem, a large number of studies have 
been executed, but the level of scientific evidence 
has been limited. Although a formal systematic 
review was not completed, Table 1 provides various 
scientific studies that have been completed to docu-
ment the incidence of WRMDS among groups of 
diagnostic medical sonographers (DMS) and vascu-
lar technologist (VT).5–24 Decisions regarding the 
impact of WRMDS on the profession of sonogra-
phy should be made based on the most rigorous 
scientific evidence, but most studies published have 
been descriptive surveys. To raise the level of scien-
tific evidence and properly address the suspected 
incidence and prevalence of these workplace inju-
ries, researchers need to conduct randomized con-
trolled trials (RCTs) and meta-analyses.

Studies by Pike et al.23 and Murphy and Russo24 
are currently the highest levels of evidence avail-
able. Pike et al.23 completed a randomized cross-
sectional study, whereas Murphy and Russo24 
completed a meta-analysis. The executive sum-
mary provided by Murphy and Russo24 used a 
combination of cross-sectional studies, with results 
based on a melded pool of respondents (N = 1621). 
This meta-analysis remains limited due to a failure 
to provide details on the specific combination of 
previous data and statistical procedures used, leav-
ing the validity of the results in question. However, 
although high levels of evidence are still lacking, 
based on the results of all published studies by the 
authors cited, there remains a need for investiga-
tion of WRMSD in the sonography profession. 
The completion of a rigorous scientific study of 
the profession is needed to make informed deci-
sions on the current impact of WRMSD.

The last rigorous cross-sectional survey of the 
sonography profession to determine the preva-
lence and pervasiveness of WRMSD among diag-
nostic medical sonographers, cardiac sonographers, 
and vascular technologists was in 1997.23 Over 
the elapsed time period, job responsibilities and 
complexities associated with sonographic exami-
nations completed by these professions have changed 
dramatically. With updates and development of 
ergonomic features in sonography equipment, it is 

timely to reassess the profession to determine the 
continued exposure of sonographers and vascular 
technologists to WRMSD and compare their repor-
ted exposure with data from previous studies. The 
current study was designed to build evidence and 
compare current reports to the 1997 Pike et al.23 
cross-sectional study to generate an updated snap-
shot of the profession needed to support more 
rigorous randomized interventional studies.

Materials and Methods

This research was designed as a descriptive 
cross-sectional study and used an amended version 
of the Health Benefit Trust (HBT) survey instru-
ment. The original HBT has 125 questions and is 
broken into five sections:

1. Demographic variables
2. Self-reports of musculoskeletal symptoms
3. Work scheduling and tasks
4. Work equipment
5. Work environment characteristics5

The HBT survey was revised to properly reflect 
current sonographic practice and contained 58 ques-
tions relative to each of the five sections. Demogra-
phic information included age, gender, height, years 
scanning, and job status. Pain and discomfort ques-
tions included locations of pain and medical diag-
noses as well as responses to pain (e.g., treatments, 
reporting, time off). Questions pertaining to work 
included information relative to the demands of 
the job (e.g., number of scans per day, time per 
scan, types of scans), as well as information about 
the equipment, environment, and scanning haz-
ards. Additional questions were asked related to 
ergonomic features of equipment and workstations.

Professionals of interest in this survey inclu-
ded diagnostic medical sonographers (both gen-
eral sonographers and cardiac sonographers) and 
vascular technologist. The frame of participants 
used for this survey research effort included a 
randomly selected sample from the American 
Registry of Diagnostic Medical Sonographers 
(ARDMS) and individuals from the vendor  
list from Sound Ergonomics LLC. Three thou-
sand diagnostic medical sonographers, cardiac 
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sonographers, and vascular technologists practic-
ing in the United States and Canada were ran-
domly selected from the total population of 
53,963 registrants of ARDMS (as of November 
30, 2007). Added to the commercial vendor list, 
following de-duping, the total unique frame of 
participants in this study was 5785. Of the total 

5785 survey invitations sent, 585 invitations 
were undeliverable, resulting in a final sample of 
5200. The sample size was selected so that it 
would be a representative sample of the profes-
sion as provided by a power analysis with a mod-
erate effect size (0.5), based on an alpha of 0.05 
and power of 1.0.25

TABLE 1.
Evidence-Based Assessment of Research Published on Work-Related Musculoskeletal Disorders Among Sonographers and 
Vascular Technologists

Levels of Evidence (Lowest to Highest)

Anecdotal 
 
 

Expert opinion 

Case reports Ia

 

 

 

 

 

 

 

 

 

 

 

 

 

Case reports IIb

 
 
 
 

Cross-sectional study 
 
 
 

Case control studies
Cohort
RCT
Meta-analysis

Author (Year)

Craig (1985)1

Craig (1990)2

Craig (1993)3

Craig (2001)4

Jakes (2001)5

Brown and Baker (2004)6

Necas (1996)7

Wihlidal and Shrawan 
(1997)8

Muir et al. (2004)9 

David (2005)10

Murphey and Milkowski 
(2006)11

Village and Trask 
(2007)12

Peterson et al. (2008)13

Bastian et al. (2009)14

Roll and Evans (in press)15

Smith et al. (1997)16

Gregory (1998)17

Russo et al. (2002)18

Ransom (2002)19

McCulloch et al. (2002)20

Vanderpool et al. (1993)22

Pike et al. (1997)23

Evans et al. (2009)21

None
None
None
Murphy and Russo 

(2000)24

Number of Participants

  27 

  96 

  67 

  70
  22 

  11 

  27
  22
   5 

 113 

 197
 211
 300
 295
 101 

 983 
2963 

1621a

Notes

Qualitative reporting
Qualitative reporting
Qualitative reporting
Qualitative reporting
Qualitative case study provided
Qualitative case study provided
Washington and Oregon 

sonographers
Canadian sonographers 

Winnipeg, Canada 
sonographers

Oklahoma sonographers
Sonographers 

Winnipeg, Canada 
sonographers

Ohio convenient sample
Sonographers
Ohio sonographers—carpal 

tunnel
Focused on cardiac 

sonographers
Australian sonographers
British Columbia sonographers
UK sonographers
US sonographers
Random selection ARDMS—

carpal tunnel
Random selection ARDMS
Random selected ARDMS and 

vendor list

Statistical details missing

ARDMS, American Registry Diagnostic Medical Sonography; RCT, randomized controlled trial.
aUnclear or nonrandom sampling methodologies were deemed as case reports.
bNonrandom sampling methodologies with n > 100.
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The survey was created online and hosted on 
a secure Web server, and all selected participants 
were sent an e-mail invitation to complete the sur-
vey. The survey was available to participants to 
complete from January to March 2008. When the 
survey time period expired, the data were down-
loaded from the secure Web server and analyzed 
using SPSS v.17 (Chicago, Illinois). All single- 
and multiple-response questions were analyzed to 
determine relative frequencies and distributions 
to describe the sample population. In addition to 
describing frequencies associated with the various 
items, cross-tabulation was completed to deter-
mine how certain demographic categories com-
pared on various constructs. Chi-square analysis 
was completed to determine differences between 
groups for single-response categorical variables as 
indicated. Some qualitative data were collected 
through open-ended questions and comments rela-
tive to other quantitative questions, but these data 
were not analyzed as part of this report.

Results

Of the 5200 participants invited, 3243 responses 
were collected within the allowable time period. 
Through a data verification process, 85 surveys 
were considered incomplete, and 135 were consid-
ered only partially complete and unable to be used. 
In addition, 60 individuals responded more than 
once to the survey, in which case the first or most 
complete submission was saved for analysis. 
Following verification of all survey responses, the 
final total sample for analysis was 2963. The 
response rate for this invitation was 57.0% and 
represents a higher than expected response rate.26

DEMOGRAPHICS

This sample represented 88% female DMS and 
VTs. The overall distributions of both age and 
years of experience of the respondents were skewed 
toward older, more experienced DMS and VTs. 
Most respondents were older than age 50 years 
(37.7%) and had greater than 20 years of experi-
ence (33.3%). The distribution of height of the 
respondents was skewed to smaller statures, with 

the majority of the respondents shorter than 5′4″ 
(28.3%). The majority of respondents complete 9 
to 11 sonographic examinations per shift (32.6%), 
with average examinations lasting 20 to 25 min-
utes (27.4%). Although the distribution of exami-
nations performed per shift was skewed to the 
lower end, the distribution of time per examination 
was skewed toward longer examinations. Table 2 
provides distribution of responses based on all 
demographic and work exposure variables.

Because of the perceived increased physical 
components of completing bedside examinations, 
additional questions were asked specific to this 
work demand. Of the respondents, 60.7% indicated 
job demands requiring performance of portable 
beside examinations. Of these respondents, 87.3% 
indicated that this responsibility was shared with 
other staff members, and 76.8% believed that the 
bedside examinations were only provided for the 
most critically ill patients, but these same respon-
dents indicated a belief that the number of portable 
examinations has increased over the past 5 years 
(58.3%).

MUSCULOSKELETAL SYMPTOMS

In this survey, 90.4% of DMS and VTs indi-
cated scanning patients while in pain. Those who 
reported pain during scanning (n = 2679) were 
asked to provide specific information about the 
type, pattern, location, and severity of their pain. 
Respondents indicated an intermittent pattern of 
pain (37%), with 67.8% describing the pain as 
“aching.” Respondents indicated that the shoulder 
was the most frequent site, with 74.6% respon-
dents having shoulder pain. The respondents fur-
ther refined their responses, with 58.4% indicating 
shoulder pain on the right side. In addition, these 
55.9% respondents with shoulder pain graded the 
severity of pain as moderate. The second most 
prevalent site for pain was in the neck (65.8%), 
with 41% indicating that the pain was distributed 
to the right and an additional 41% indicating pain 
in both sides of the neck. The severity of pain in 
the neck was most frequently rated as moderate 
(57.7%). Table 3 provides more detail specific to 
all locations of pain and discomfort, and Figure 1 
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illustrates the relative frequencies of pain experi-
enced by the respondents while scanning.

A series of questions attempted to ascertain how a 
DMS’s or VT’s WRMSD was handled in the work-
place. Nearly half of respondents (48.0%) indicated 
having received a musculoskeletal diagnosis related 
to their discomfort. Sixty percent of the respondents 
believed that this diagnosis was directly related to the 
work they performed; however, as high as 57% did 
not report their injury to their administrator or occu-
pational health department. Anti-inflammatory medi-
cations were prescribed for 73.7% of all respondents 
with pain, and 75.0% of respondents had received 

physical or occupational therapy treatments. Only 
32.6% of respondents were likely to take or have 
taken time off from work because of their pain, and 
usually time off was taken as sick leave (55%)  
for only for 1 to 3 days (49.8%). Those DMS and 
VTs who were away from work (61.9%) believed 
that their employer distributed their workload to  
the remaining staff. Only 24.1% of respondents indi-
cated having changed jobs because of pain or  
discomfort.

Figure 2a,b illustrates the relative amount of 
symptom aggravation believed to be caused by 
various job demands and positions/postures for 

TABLE 2.
Distribution of Responses by Descriptive Variables

 Total Respondents Pain While Scanning Medical Diagnoses Prescribed Treatments

Gender, % n = 2963 n = 2540 n = 1283 n = 1323
Female 88.1 89.1 90.9 90.8

Age, y, % n = 2963 n = 2258 n = 1145 n = 1188
20–29 8.7 8.3 4.6 4.7
30–39 23.4 23.3 18.6 18.5
40–49 33.3 34.1 34.8 35.3
>50 34.7 34.2 41.9 41.5

Years of experience, % n = 2963 n = 2529 n = 1277 n = 1316
<6 14.7 14.4 7.4 7.6
6–10 16.2 16.2 13.2 13.7
11–15 17.1 17.7 18.5 18.1
16–20 18.6 18.7 21.1 21.2
>20 33.3 33.0 39.8 39.4

Height, % n = 2963   
<5′4″ 28.3   
5′4″–5′5″	 25.3   
5′6″–5′7″	 23.4   
5′8″–5′9″	 11.3   
5′10″–5′11″	 7.4   
>5′11″	 4.3   

Average scans per shift, % n = 2963   
1–5 11.0   
6–8 29.4   
9–11 32.6   
12–14 18.5   
15–18 6.3   
>18 2.2   

Average time per scan, min, % n = 2963   
<10 1.8   
10–15 7.7   
15–20 22.9   
20–25 27.4   
25–30 21.6   
>30 18.6   
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DMS and VTs. Most notable in these data are 
aggravation caused by pressure on the transducer, 
sustained abduction of the arm, and twisting of the 
neck. As high as 60.8% of individuals surveyed 
indicated that the pressure required when using the 
transducer very aggravating. In addition, 58.4% 
indicated substantial aggravation of symptoms due 
to sustained abduction of the arm, whereas 47.8% 
and 42.4% indicated aggravation of symptoms due 
to sustained and repetitive twisting of the neck and 
trunk, respectively.

EQUIPMENT AND ERGONOMICS

The respondents indicated that 54.5% were 
shown various ergonomic adjustments of equip-
ment in the workplace. Education on ergonomic 
adjustments in the workplace was most often pro-
vided by clinical application specialists (90.4%). 

TABLE 3.
Frequencies of Location and Severity of Reported Pain/Discomfort Experienced While Scanning (n = 2679)

 Side Within Location, % Severity Within Location, %

 % of n With Pain Left Side Right Side Both Sides Slight Moderate Severe

Neck 65.8 17.0 41.1 41.6 28.2 57.7 14.1
Upper back 44.3 13.1 39.1 47.9 27.3 61.7 11.1
Middle back 17.9 10.1 31.0 58.9 30.0 59.7 10.3
Lower back 33.2 13.7 23.6 62.7 25.2 57.3 17.5
Shoulder 74.6 19.6 58.4 22.1 23.2 55.9 20.9
Shoulder blade 37.7 18.2 64.5 17.3 23.9 57.3 18.8
Upper arm 27.0 18.4 69.4 12.1 34.1 53.8 12.1
Elbow/forearm 32.1 18.9 65.0 16.2 30.4 53.7 15.9
Wrist 49.7 17.1 60.4 22.5 34.5 51.2 14.3
Hand/fingers 44.2 17.7 57.1 25.2 32.7 50.1 17.2

FIGure 1. Locations of pain/discomfort experienced while 
scanning.

FIGure 2.  Rating of amount of aggravation to pain and 
discomfort due to (a) specific job demands and (b) specific 
positions and postures during work. Missing percentages are 
a result of respondents selecting “not applicable.”

Of all respondents, 80.8% had an adjustable exa-
mination table, and 86.2% indicated having an 
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adjustable chair to use during their examinations. 
When available, nearly all sonographers (93.3%) 
used adjustable features of the table and chair, but 
53.9% of these individuals indicated the table had 
to be adjusted manually.

When not completing scans, sonographers and 
technologists are often working with digital images. 
The use of a picture archiving computer system 
(PACS) is a common method for maintaining digi-
tal archives of sonographic and vascular exami-
nations for interpretation and study retrieval. Of the 
respondents to the survey, 87.3% indicated working 
with a PACS. Most respondents were unable to 
adjust the height of their PACS workstations that 
provided information and postprocessing (91.0%). 
In addition, of those working with a PACS, most 
did not have an adjustable monitor (74.3%) or a 
keyboard tray (54.5%) to support data entry with 
the keyboard.

When given possible options for intervening to 
reduce the occurrence of symptoms in the work-
place, 19.3% of the DMS and VTs indicated the 
one best option was to reduce the number of scans 
preformed per day. Other frequently chosen options 
included the purchase of an electronic height-
adjustable examination table (15.2%) or a new, 
better designed sonographic system (12.8%).

CROSS-TABULATION

Cross-tabulation with chi-square analysis was 
completed to determine differences in the actual 
response rates for various demographic groups 
based on expected rates in the sample participant 
population. Ages, gender, years of scanning exp-
erience, and full-time/part-time status were the 
demographic characteristics used for analysis of 
constructs. Data analysis was completed for each 
of these variables; however, because of the small 
percentage of male DMS and VTs (11.9%), differ-
ences based on gender are not reported as it may 
not be a robust analysis.

AGE

No significant difference was noted in the experi-
ence of pain while scanning among the various age 
groups (c2 = 6.191, 3 df, and P = .103); however, the 

location of pain was not stable across all age 
groups. The predominate location of pain and dis-
comfort due to scanning was reported in the sho-
ulder, with neck pain rating the second highest 
across all age groups. No difference in reporting 
was noted in the lower or mid back, but upper 
extremity reports varied. A higher percentage of 
those aged 20 to 29 years reported pain in the 
shoulder blade, whereas those in the older age 
groups tended to report higher percentages of distal 
upper extremity pain. The percentage within age 
groups of those reporting pain in the elbow/fore-
arm and in the hand/fingers was highest in those 
respondents 50 years and older. In fact, only 33.0% 
of the youngest age group (20–29 years) indicated 
having pain in the hand/wrist as compared to 
49.8% of those older than 50 years of age.

The description and frequency pattern of pain 
were similar across all age groups with slight vari-
ations. Aching was the most frequently selected 
word to describe pain experienced while scanning 
by all age groups. Similarly, most individuals in all 
age groups of respondents older than 30 years of 
age described the frequency of pain as “intermit-
tent.” However, the distribution of responses for 
the frequency description of pain tended to be 
skewed toward more frequent pain in the two 
younger age groups, with those aged 20 to 29 years 
reporting pain as “periodic” the majority of the 
time. Similarly, reported diagnoses differed slightly 
between the younger and older groups. Tendonitis 
was the most frequently reported diagnosis in the 
age group 30 to 39 years (22.1%), whereas neck 
and back pain were most frequently diagnosed in 
those aged 40 to 49 (23.8%) and older than 50 
years old (24.6%). Of those in the 20- to 29-year-
old group, 28.3% selected “other” as the most fre-
quent diagnosis. Qualitative responses were not 
analyzed to determine the litany of other diagnoses 
that may have been indicated by this age group.

The most frequently prescribed treatment for 
symptoms and discomfort was anti-inflammatory 
medication. Survey results demonstrated that 64.3% 
of the respondents 20 to 29 years of age were pro-
vided with medication, which increased through 
each age category up to 75.1% in those older than 
50 years of age. When combined together, treat-
ment with physical and/or occupational therapy 

 at USC Norris Medical Library on March 27, 2012jdm.sagepub.comDownloaded from 

http://jdm.sagepub.com/


294      JOURNAL OF DIAGNOSTIC MEDICAL SONOGRAPHY    November/December 2009  VOL. 25, NO. 6

was prescribed with a similar frequency to anti-
inflammatory medications in all groups with excep-
tion of those in the youngest category, who received 
therapy with a 51.8% frequency. For those older 
than age 50 years, surgery was the third most fre-
quently prescribed treatment (27.6%) but was pro-
vided less than 10% of the time for the younger 
groups. Of the treatments prescribed, the younger 
respondents indicated that medications and mas-
sage therapy were most often beneficial, whereas 
the older groups indicated most benefit from medi-
cations. An increasing trend of benefit for all treat-
ments was noted as age increased with the exception 
of massage therapy, which demonstrated a slightly 
decreasing beneficial trend with age.

Additional comparisons of age to single-response 
questions were analyzed with a chi-square analysis. 
Younger participants had a lower frequency of taking 
time off from work because of pain than older respon-
dents (c2 = 89.71, 3 df, and P ≤ .01). In addition, when 
taking time off work, younger individuals tended to 
take less days off (c2 = 29.42, 9 df, and P ≤ .01). An 
equally strong difference was noted for those of 
increasing age and their use of disability time when 
away from work (c2 = 21.87, 6 df, and P ≤ .01). 
Respondents tend to report their injuries to occupa-
tional health more as they get older (c2 = 22.99, 6 df, 
and P ≤	.01), and only 9.7% of respondents aged 20 
to 29 years reported having changed their job because 
of pain as compared to 27.1% of those older than 50 
years of age (c2 = 17.75, 3 df, and P ≤ .01).

YEARS OF EXPERIENCE

Cross-tabulation results based on years of expe-
rience were very similar to the results previously 
reported for various age groups. Shoulder and neck 
pain were the most frequently reported location of 
pain across all levels of experience. The trend of 
increased distal upper extremity pain in those with 
more experience was even more pronounced than 
was observed in the data based on age. In fact, 
more than 50% of those with more than 21 years of 
experience indicated having hand/finger pain as 
compared to only 37% or less in those in all cate-
gories with less than 10 years of experience. Pain 
was described as “aching” across all groups, and a 

slightly skewed distribution toward more frequent 
pain was noted in those with less experience as 
with the age data. All medical diagnoses, treat-
ments, and reported treatment benefits by years of 
experience closely mimicked the results previously 
discussed with age analysis.

All chi-square analyses for single-response 
questions by years of experience were noted to be 
significant. Although there was no difference in 
the frequency of pain while scanning based on 
age, those with <3 years of experience had a lower 
frequency of pain (83.8%) than those in all other 
categories (89.8%–92.7%; c2 = 14.19, 5 df, and 
P = .014). When evaluating the frequency of tak-
ing time off work due to pain, a significant trend 
was noted, with increasing frequency based on 
increasing years of experience (c2 = 129.09, 5 df, 
and P ≤	.01). Only 4.2% of those with <3 years of 
experience had taken time off work compared to 
40.0% of those with >21 years of experience. It 
follows that of those taking time off work, respon-
dents with less experience also took less days off 
than those with more experience, who were more 
likely to have taken >10 days off work due to pain 
(c2 = 45.88, 15 df, and P ≤ .01). Although older 
respondents tended to use more disability time, this 
trend was not noted based on years of experience. 
Instead, a statistical difference was noted in those 
with less experience using vacation time instead of 
other reasons when taking time off for pain (c2 = 
30.34, 10 df, and P ≤ .01). As with the previous age 
data, statistically significant trends were noted, 
with those with less years of experience having a 
lower frequency of reporting pain to occupational 
health (c2 = 42.96, 10 df, and P ≤ .01) and having 
changed jobs (c2 = 42.96, 5 df, and P ≤ .01) as 
compared to those with more experience.

EMPLOYMENT STATUS

A cross-tabulation was completed using the 
employment status of full-time (FT) and part-time 
(PT) to determine its influence on the incidence of 
WRMSD. Very few differences were noted bet-
ween the two groups. Aching, intermittent shoulder 
pain was the most frequently described pain within 
both groups with anti-inflammatory treatments 
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most often prescribed and most often being bene-
ficial. The only notable difference between the 
two groups in the cross-tabulation analysis was the 
increased frequency of treatments other than anti-
inflammatory medications for the PT respondents. 
As compared to FT respondents, PT individuals 
had a higher than expected frequency of physical 
and occupational therapy (83.4% vs 73.7%), lim-
ited duty (33.1% vs 22.3%), and surgical interven-
tion (25.9% vs 19.0%).

No statistical differences were noted between 
those respondents who considered themselves 
full-time and those who were part-time in the fre-
quencies of pain while scanning, time taken off 
due to pain, or reporting of pain to occupational 
health. However, PT individuals had a higher fre-
quency of taking >10 days off when having pain 
(c2 = 8.72, 3 df, and P = .03) and were more likely 
to have used disability time (c2 = 12.08, 2 df, and 
P ≤ .01) than FT individuals. Furthermore, PT 
individuals indicated a significantly higher fre-
quency of having changed jobs because of pain 
(47.1%) than FT individuals (17.6%; c2 = 141.51, 
1 df, and P ≤ .01).

Discussion

The most profound finding in this survey is that 
90% of a representative sample of DMS and VTs 
are scanning patients while in pain. This repre-
sents an increase from the 1997 Pike et al.23 sur-
vey, when only 81% of respondents reported they 
were experiencing pain. Although recruitment 
methods in the current study were not identical to 
the random sampling in the Pike et al.23 study, the 
number of respondents in the current study has 
reached high enough numbers to be considered a 
representative sample, allowing for further com-
parative analysis. Furthermore, the demographics 
of the current sample of respondents is similar to 
the 1997 sample for gender and height (Pike: 85% 
female and 5′4″).23 One difference between the 
Pike sample and the current respondents was the 
former having most respondents between 30 and 
40 years old and the current being split between 
40- and 50-year-olds.23 Likewise, the mean years 
of experience differed between the samples, with 

the current sample having an additional 10 years 
of practice experience. These increases in age and 
years of experience correlate with the time that has 
elapsed since the previous study and may indicate 
retention within the profession.

Keeping in mind that the current sample is 
slightly older and has more experience, there are 
numerous similarities in the responses collected in 
the current study to previous studies. Although 
there is an increase in the overall frequency report-
ing pain in the current sample, 38% reported inter-
mittent patterns of pain predominately located in 
the shoulder and neck. Overall, this represents no 
change from the 1997 profile, with the former 
sample reporting similar descriptions and ana-
tomical locations of pain. The diagnosis tagged as 
“other” was repeated for the respondents of both 
surveys but was noted as a more frequent diagno-
sis for younger sonographers in the current sam-
ple. Treatments for those suffering from acute or 
chronic injuries also appeared to remain similar, 
with 1997 respondents indicating that 64% were 
given medications for their symptoms,23 which is 
comparable to the current group of younger DMS 
and VTs who were given anti-inflammatory med-
ications (64.3%) and increasingly so to older 
participants (72%–75%).

The current study provides new information 
about the significant difference those years of scan-
ning experience and work exposure (full-time vs 
part-time) have on pain, the use of time away from 
work, and recovery. In this current study, younger 
groups tended to have slightly different findings. 
The cross-tabulation revealed that younger DMS 
and VTs reported shoulder blade pain more fre-
quently than the other age groups. In addition, 
younger DMS and VTs reported aching pain that 
was more persistent than did older colleagues. 
Because younger sonographers take less time 
away from work compared to their older col-
leagues, this may increase patient caseloads and 
accelerate other WRMSD. This can be coupled 
with a fear of losing a new job, which leads to 
underreporting of workplace injury. Together, 
these differences have potential to begin acutely 
and lead to future musculoskeletal problems dur-
ing their career. Sonographers should be followed 
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over long periods to determine any link between 
acute and chronic pain and diagnoses.

Other allied health professionals report similar 
complaints as a result of their job demands. Cross-
sectional studies have been conducted, with physi-
cal therapists (PTs) and occupational therapists 
(OTs) having similar demographic properties as the 
current sample (80%–95% female, mean age of 
42–43 years, and mean years of practice at 17).27–29

In these studies, 43% of PTs and OTs reported pain 
or injury due to work demands, 61% indicated 
work exacerbated symptoms, and 95% of profes-
sionals continued to work while having pain and 
discomfort.29 Data indicate a propensity for low 
back pain (41%–49%) followed by the neck (35%–
39%), hand (28%–30%), and shoulder (24%–
27%).29 Although the ordering of specific pain 
locations differs slightly from DMS, many of the 
locations are similar to data from the current study 
and mirror pain reported in other professions, such 
as nursing service employees.31,32

Although therapists and nurses provide a differ-
ent set of services for patients than DMS and VTs, 
these professionals have a lesser reported preva-
lence of work-related pain. PTs and OTs attribute 
lifting and transferring dependent patients as the 
major source of their injuries, a job task that is 
performed to a lesser degree by DMS and VTs. 
Instead, the current respondents attributed much of 
their pain to be aggravated by the nuances of scan-
ning a patient with sonography. Specifically, the 
respondents indicated that most aggravation was 
due to the pressure applied to the transducer, sus-
tained shoulder abduction, and twisting of the neck 
and trunk. This is a perfect match to the cluster of 
scanning issues articulated by Pike et al.23 in 1997. 
Many commercial ergonomic and engineering 
innovations have been introduced over the past 12 
years, more education has been provided, and 
many of the work systems have been ergonomi-
cally redesigned. However, even with these sup-
posed impro vements, the profession continues to 
report the same job demands causing symptoms, 
and as a whole, the profession is experiencing an 
increase in scanning pain.

One final interesting response unique to this 
survey was the type of education provided to DMS 

and VTs about WRMSD concerning ergonomic 
design in the workplace. Surprisingly, sonography 
educators are not listed as the primary method for 
learning about ergonomic adjustments. It would 
seem that educators would play a pivotal role in 
developing better work habits and ensure that young 
sonographers are less prone to scanning in pain due 
to poor work conditions. Instead, clinical applica-
tions specialists are the primary educator (90.4%); 
therefore, this may be an important interaction to 
monitor or a primary place in which to intervene. 
Increased effectiveness of presentations or educa-
tion may reduce or remediate the impact of job 
demands on new workers or with workers who 
have already developed bad work habits. It would 
be important to understand if these interactions 
alleviate the prevalence and pervasiveness of 
WRMSD in their customers.

LIMITATIONS OF THIS STUDY

The results that are discussed must be qualified 
by the threats to internal and external validity that 
are inherent with a preexperimental research design. 
These threats make the results unique to this group 
of respondents and must be cautiously interpreted; 
however, the high number of responses and high 
response rate lessen the threats to generalization and 
increase the likelihood of this sample being repre-
sentative. Because no analysis of nonrespondents 
was completed, the data are potentially biased 
toward only capturing responses from the portion  
of the population that has discomfort. In addition,  
as with any subjective survey, the use of self-
reported data includes the risk of overreporting by 
the respondent. The use of categories in the survey 
instrument resulting in a lack of continuous data 
limited the use of more powerful statistical analyses; 
however, the results obtained remain comparable  
to those reported by Pike et al.23 Finally, the modi-
fied survey used on this study did not include data 
related to the psychosocial work environment as 
was previously researched by Pike et al.23 and the 
HBT. The unknown psychosocial frame of the  
participants may have been an additional mediat-
ing variable with impact on musculoskeletal  
symptoms.
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RECOMMENDATIONS FOR FUTURE RESEARCH

A series of important recommendations are pro-
vided to raise the level of scientific evidence and to 
be able to rigorously track the prevalence and per-
vasiveness of WRMSD among DMS and VTs. The 
primary recommendation is that further isolated 
surveys or case studies relative to the incidence of 
WRMDS in DMS and VTs are no longer needed. 
Literature is saturated with studies at this foun-
dational level, and continuing to collect the same 
data limits the ability to develop solutions to the 
problems or make recommendations related to spe-
cific interventions. Instead, future studies should 
be developed to gain a deeper understanding of the 
problems leading to WRMSD with a focus on spe-
cific interventions and/or product development and 
testing.

To gain a deeper understanding of the problems 
and identify possible solutions or product develop-
ment, researchers should conduct focus groups and 
have additional qualitative data. Although num-
erous studies have provided frequencies and data 
relative to the general experience of DMS and VTs, 
one must gain a richer understanding of these prob-
lems. Collecting qualitative data through focused 
questionnaires and focus group discussions will 
give deeper understanding to the problems faced 
by sonographers relative to WRMSD. Furthermore, 
the inclusion of commercial companies and admin-
istrators in focus groups alongside sonographers 
and technologists may promote richer discussions 
and assist in reinventing the workspace or job tasks 
or provide other solutions to these lingering prob-
lems. Ideas and product modifications developed 
through these groups can then be designed and 
tested through high-level controlled studies.

The highest level of such study would be RCTs 
using intact groups of DMS and VTs. Although 
RCT studies are difficult to stage and hard to 
manage, the results would provide the field with 
the next level of scientific evidence on WRMSD 
among sonographers. Given appropriate power 
analysis, with research groups no smaller than 50, 
these studies can effectively test interventions and 
new products intended to mediate the symptoms 
and development of WRMSD. Executing an RCT 

may be completed in the work setting or may be 
well suited to an educational program where assig-
ned students are randomly assigned to groups.

Because of the reported acute symptoms in 
younger sonographers, other higher level studies 
may be beneficial for understanding the relation-
ships between factors over time. Cohort studies 
can be conducted to follow groups of sonography 
students as they progress through the profession. 
Student groups could be compared based on ergo-
nomic resources and educational materials that 
may or may not have been provided to students to 
prevent acute injury. The trend of acute to chronic 
diagnoses could be compared to determine impact 
of specific work components, psychosocial compo-
nents, or other individual factors. Together, these 
types of data would provide specific information 
important to further development of interventions 
and educational programs to prevent WRMDS in 
the profession.

A final area that requires additional study is the 
phenomenon of presenteeism, which describes the 
sonographer working in pain or reporting to work 
but contributing less to the overall lab’s productiv-
ity and quality of work.32 Presenteeism has been 
studied in other professions, and it has the poten-
tial to cause deleterious productivity or quality of 
work.33,34 The push by some institutions to request 
that DMS return to the workplace on “light duty” 
or performing other duties raises a different set of 
questions that heretofore have not been explored 
with this set of professionals.

Conclusion

DMS and VTs occupied 46,000 jobs in 2006 
and are predicted to experience a growth in US 
employment by 19% until 2016.35 Although the 
profession is growing faster than average,35 it is
hampered by 90% of a representative sample of 
professionals reporting that they are scanning in 
pain. This situation requires immediate attention 
so that the workforce can effectively respond to 
current patient volume and increasing future 
demands. A great deal of work remains to be done 
to reverse the negative trend of WRMSD in DMS 
and VTs, moving away from descriptive surveys 
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to interventional trials. It is important that subse-
quent studies be restricted to using one standard 
instrument for collecting data relative to WRMSD, 
possibly the HBT, so that subsequent data collec-
tions can be easily compared. With the increased 
demands being made on the profession to do more 
with less, high-level standardized and controlled 
studies investigating interventions and solutions to 
WRMSD are in dire need.
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