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Speech recognition (SR), available since the 1980s, has
only recently become sufficiently reliable to allow utiliza-
tion in medical environment. This study measured the
effect of SR for the radiological dictation process and
estimated differences in report turnaround times (RTTs).
During the transition from cassette-based reporting to SR,
the workflow of 14 radiologists was periodically followed
up for 2 years in a university hospital. The sample sizewas
more than 20,000 examinations, and the radiologists
were the same throughout the study. A RTTwas defined
as the time from imaging at the modality to the time when
the report was available for the clinician. SR cut down
RTTs by 81% and the standard deviation by 83%. The
proportion of reports available within 1 h escalated from
26% to 58%. The proportion of reports created by SR
increased during a follow-up time of this study from0%up
to 88%. SR decreases turnaround times and may thus
speed up the whole patient care process by facilitating
online reporting. SRwas easily adopted andwell accepted
by radiologists. Our findings encourage the utilization of
SR, which improves the productivity and accelerates the
workflow with excellent end-user satisfaction.
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BACKGROUND

I n a speech recognition (SR) process, dictated
speech is converted to the digital signal and then

to a sequence of words in written text. SR systems
have been available for medicine since the 1980s,
but not until the late 1990s have applications proven
sufficiently reliable and agile for report dictation1–3.
It has been demonstrated that SR systems improve
patient care with reduced report turnaround times
(RTTs), reduced staffing needs, and also the
efficient completion and distribution of reports4.

Initially, SR systems were used for pan-European
languages, such as English, German, or French, but
today, SR is applicable for other languages as well.
In addition to a language model, a specific
vocabulary, so-called context, and language model
is required for each medical specialty because a
context increases recognition level significantly5.
The Finnish language is challenging for SR

because its vocabulary is exceptionally wide allow-
ing many different words to evolve from one word
body. HUS Helsinki Medical Imaging Center has
actively participated in the development of a
Finnish SR context for radiology. This context
started to pilot in the department of radiology in the
Töölö trauma hospital in the spring of 2005, and
nowadays, every radiologist has their opportunity to
utilize SR. Töölö hospital is the largest trauma
hospital in Scandinavia providing trauma care,
orthopedics, plastic surgery, and neurosurgery for
1.5 million people in southern Finland. The hospital
has been utilizing the picture archiving and com-
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munication system (PACS) since 1997, a noninte-
grated radiology information system (RIS) since
1998, and a PACS- and SR-integrated RIS since
April 2005. The hospital produces nearly 70,000
studies annually, of which 44,000 are X-rays,
10,500 are computed tomography (CT), and 5,100
are magnetic resonance (MR) studies, in addition to
fluoroscopic interventions and sonography.
The dynamics of the radiological dictation work-

flow and its productivity was examined. The
Finnish radiological SR (by Philips SpeechMagic,
Philips Speech Recognition Systems GmbH) has
been integrated to our RIS system. Philips Speech-
Magic is one of the most used clinical applications
for SR in Europe2,3. The SR, RIS, and PACS use a
single sign on the interface. The workflow is
mastered by the PACS and thus requires no
manual typing of accession numbers or names.
In this study, we measured the productivity of

radiologists utilizing the SR system. The purpose
was also to evaluate the effect of SR for the whole
radiological dictation process and to estimate differ-
ences in RTT.

MATERIALS AND METHODS

The SR procedure can be divided into different
parts, where firstly the dictated speech is digitalized
and then conveyed into signal processing. In the

signal processing, both acoustic and language
modeling are important parts in statistical SR.
Normally, SR systems are generally based on the
Hidden Markov model, which is a statistical model
producing a sequence of symbols or quantities6. To
ensure error-free reports, immediate proofreading
of the text, by the radiologist, is essential. In our
system, proofreading is possible at any moment:
word by word, after each sentence or paragraph, or
after completion of the complete report. In our
experience, most radiologists prefer to proofread
complete paragraphs or reports, once their reliance
to capabilities of the SR has evolved. Third-party
proofreading and editing was not used.
The accuracy of SR dictation is important. How-

ever, many studies are proving that nowadays SR
technology is mature and the accuracy rate is high4.
It is also possible to integrate SR into structured
reporting or templates, which will also change the
workflow of the radiological process5,7–11. Struc-
tured reporting or templates were not available in
our software yet and are thus beyond the scope of
this study.
In the radiological workflow process, the radiol-

ogist can dictate the report to the minicassette or to
the SR system. The process is described in Figure 1.
In most hospitals, some studies require urgent
reporting, while for other studies, a turnaround
time of several days may be sufficient. At our
hospital, this is accomplished by using specific
worklists to prioritize departments, i.e., a higher
priority for the emergency room and intensive care
unit (ICU) and a lower priority for plastic surgery.
We are currently developing a RIS-based solution
to prioritize, but to date, its efficiency has not been
tested in a production environment.

Fig 1. The radiological workflow.

Fig 2. Proportion of reports created by SR.
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In this study, a RTT was defined as the time from
completion of imaging and PACS archiving to the
time when the report was stored in the RIS and
available for the clinician online. The comparison of
different RTT studies is difficult because observed
processes are not necessarily equal among each
other12–14. However, the latest studies are describ-
ing that the decrease in RTTs is prominent3,14,15.

RESULTS

SR was installed in the HUS Helsinki Medical
Imaging Center during the period Q1/2005 through
Q2/2007. We followed up the proportion of SR
reports from all dictations. Prior to SR, this pro-
portion was 0%, but it increased rapidly. Cassette-
based dictation was still kept available for those
who preferred it. The proportion of reports created
by SR as a function of time is presented in Figure 2.
The first sample (Q1/2005) started using SR in
April 2005. The second sample was done Q1/2006
and the third on Q2/2007. Because our hospital is a
university hospital clinic training radiologists and
because it has a numerous collaboration with other
clinics as well, due to technical limitations (inte-
gration to other hospitals’ RIS, second readouts for
residents not utilizing SR, confidentiality of occu-
pational health care), some reports beyond the
capabilities of the RIS-integrated SR were created

manually. Thus, 100% SR usage was unattainable.
Modality distribution for each radiologist is pre-
sented in Figure 3.
We also evaluated RTTs based on traditional

dictation to the cassette and SR system. The results
of the RTTs are summarized in Table 1.
SR speeds up the reports turnaround remark-

ably, especially if comparing results of Q1/2005
andQ1/2006 and, respectively, Q1/2005 andQ2/2007.
This difference was statistically significant (pG0.0001)
in both comparisons (unpaired t test). The distribution
of RTTs is presented in Figure 4. The figure is
demonstrating clearly that the reports made by SR are
more quickly available for clinicians than the cassette-
based report.

DISCUSSION

We found that the utilization of SR decreases
turnaround times by more than 80% and therefore

Fig 3. Modality distribution for each radiologist, where 1=X-ray, 2=angiography, 3=CT, 4=US, 5=MR, and 6=other.

Table 1. RTTs Using Cassette-based Process and SR

Cassette-based report SR 1 SR 2

Sample time Q1/2005 Q1/2006 Q2/2007
Mean 24 h, 46 min 5 h, 23 min 4 h, 40 min
SD 76 h, 31 min 27 h, 42 min 12 h, 43 min
N 6,037 6,486 9,072
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facilitates online reporting of radiological examina-
tions to clinicians immediately after completion of
the study. When the first cassette-based results were
compared to the results of the first SR sample, we
noticed that RTT decreased 78% (SD 64%),
whereas the decrease from SR samples Q2/2007 to
Q4/2006 was 13% (SD 54%).
In the comparison of Q1/2005, Q1/2006, and

Q2/2007, the study profile is equal, and the radiolo-
gists are the same. The number of radiologists
increased in the Q2/2007 sample, and corresponding-
ly, the total number of reports increased prominently.
Due to the increased efficiency, the radiologists also
reported studies from the university hospital’s other
clinics as well (Table 2). The average RTT
decreased in the course of time. Trumm et al.3 and
Rana et al.14 also reported decreased turnaround

times, but we also found a striking 83% reduction
in the standard deviation of RTTs. These figures
presenting a skewed distribution of RTTs may
result, in practice, not only in faster reporting each
time but also improved throughput and quality of
patient care. In a typical hospital environment, some
reports are needed urgently, while some may be
sought only several days after the completion of a
study. At our hospital, the trauma care, ICU, neuro-
surgery, and orthopedics frequently require urgent
reporting. Differences in mean turnaround times
alone do not completely reveal the true potential of
SR in this context. During this study, the proportion
of reports available within 1 h has rapidly risen
from 26% (cassette Q1/2005) to 58% (SR Q1/2006).
For nonurgent studies, such as most of our MR
imaging procedures, the mean RTT still remained

Fig 4. Distribution of RTTs.

Table 2. Prioritization of Studies and Corresponding Differences in RTTs by Modality

MR CT Ultrasound X-ray contrast enhancement Intervention X-ray Total

Mean 13:50:54 4:46:45 0:23:35 4:27:25 18:25:36 5:57:41
SD 29:50:55 16:33:18 0:41:16 17:07:10 35:07:36 15:19:10
N 838 986 78 325 109 13,021

This sample included 13,021 studies from Q2/2007 (3 months). A considerable proportion of X-ray and CT studies require immediate
reporting, while most MR studies are nonurgent. In contrast, most ultrasound examinations are typically reported immediately after
completion of the study. These figures also incorporate 3,949 studies from other hospitals, which our radiologists were able to report as
well.
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high (Table 2). In contrast, for typical high-priority
worklists requiring online reporting (i.e., ICU or
orthopedics), we measured an exceptional 53%
reduction in RTTs and an increase from 34% to
65% in first-hour reporting. Thus, for our hospital,
the increased number of reports available within 1 h
from the completion of a study has proven a great
improvement.
Training of the new users was done by one staff

radiologist solely. Learning the use of SR was fairly
easy: For each new user, only 10 to 15 min of
training was sufficient to adopt SR. The training was
performed in the production environment and
therefore further advice, when necessary, was
readily available from colleagues. We discovered
that, albeit not specifically measured, the utilization
of SR improved the information value, structure, and
clarity of the radiological reports. To achieve a
structurally coherent and easy-to-follow report,
using cassette-based dictation, radiologists have to
memorize the entire report and plan the structure and
content prior to dictation. In contrast, online editing,
which is possible in SR, facilitates focused reports,
which we found, subjectively, structurally superior
to those created by cassette-based process. Immedi-
ate proofreading was considered both easy and fast,
with a negligible addition to the radiologist’s
workload. Although not easily measurable, the staff
radiologists uniformly found SR superior in this
context and also reported, since the introduction of
SR, cassette-based dictation cumbersome.

CONCLUSION

In conclusion, SR speeds up not only RTT but
also the whole patient care process by significantly
facilitating online reporting. SR was easily adopted
and well accepted by radiologists. We also found
improved quality of the reports, which became
better structured and focused.

Our findings encourage the utilization of SR,
which improves the productivity and accelerates
the workflow with excellent end-user satisfaction.

REFERENCES

1. White KS: Speech recognition implementation in radiol-
ogy. Pediatr Radiol 35:841–846, 2005

2. Vorbeck F, Ba-Ssalamah A, Kettenbach J, Huebsch P:
Report generation using speech recognition in radiology. Eur
Radiol 10:1976–1982, 2000

3. Trumm C, Francke M, Küttner B, Nissen-Meyer S, Reiser
M, Glaser C: Speech recognition: impact on report availability
and clinical workflow. Hosp Imaging Radiol Eur 1:14–16, 2006

4. Voll K, Atkins S, Forster B: Improving the utility of
speech recognition through error detection. J Digit Imaging,
DOI 10.1007/s10278-007-9034-7, 2008 (in press)

5. Eng J, Eisner JM: Radiology report entry with automatic
phrase completion driven by language modeling. Radiographics
24:1493–1501, 2004

6. Deng L, Erler K: Structural design of hidden Markov
model speech recognizer using multivalued phonetic features:
comparison with segmental speech units. J Acoust Soc Am
92:3058–3067, 1992

7. Liu D, Zucherman M, Tulloss WB Jr: Six characteristics
of effective structured reporting and the inevitable integration
with speech recognition. J Digit Imaging 19:98–104, 2006

8. Reiner B, Siegel E: Radiology reporting: returning to our
image-centric roots. Am J Roentgenol 187:1151–1155, 2006

9. Talton D: Perspectives of speech recognition technology.
Radiol Manage 27(38–40):42–43, 2005

10. Sistrom CL: Conceptual approach for the design of
radiology reporting interfaces: the talking template. J Digit
Imaging 18:176–187, 2005

11. Pezzullo JA, Tung GA, Rogg JM, Davis LM, Brody JM,
Mayo-Smith WW: Voice recognition dictation: radiologist as
transcriptionist. J Digit Imaging, DOI 10.1007/s10278-007-
9039-2, 2008 (in press)

12. Langer SG: Impact of speech recognition on radiologist
productivity. J Digit Imaging 15:203–209, 2002

13. Langer SG: Impact of tightly coupled PACS/speech
recognition on report turnaround time in the radiology depart-
ment. J Digit Imaging 15:234–236, 2002

14. Rana DS, Hurst G, Shepstone L, Pilling J, Cockburn J,
Crawford M: Voice recognition for radiology reporting: is it
good enough? Clin Radiol 60:1205–1212, 2005

15. Mehta A, McLoud TC: Voice recognition. J Thorac
Imaging 18:178–182, 2003

382 KOIVIKKO ET AL.

http://dx.doi.org/10.1007/s10278-007-9034-7
http://dx.doi.org/10.1007/s10278-007-9039-2
http://dx.doi.org/10.1007/s10278-007-9039-2

	Improvement of Report Workflow and Productivity Using Speech Recognition—A Follow-up Study
	Abstract
	Background
	Materials and Methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


