
SWALLOWING DISORDERS (RE MARTIN, SECTION EDITOR)

Thickened Liquids for Dysphagia Management: a Current
Review of the Measurement of Liquid Flow

Carly E. A. Barbon1,2
& Catriona M. Steele1,2

Published online: 25 August 2018
# Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract
Purpose of Review The use of thickened liquids has become one of the most commonmanagement strategies for individuals with
dysphagia. The purpose of this paper is to review methods that can be used to measure the flow characteristics of liquids used in
dysphagia management. We describe the measurement of apparent viscosity, measures of extensional flow, slump tests (specif-
ically the line-spread test and Bostwick consistometry), gravity flow tests, and subjective methods.
Recent Findings We discuss the relationship between different approaches to measuring flow, the 2002 American National
Dysphagia Diet and the 2017 International Dysphagia Diet Standardisation Initiative (IDDSI) framework. A comparison of test
results across four methods is provided.
Summary A consistent approach is needed for the measurement of flow for thickened liquids used in dysphagia management.
This review highlights differences that can be expected across different flow testing methodologies. Adherence to a common
method and measurement definitions will promote patient safety and facilitate future research regarding the effectiveness of
texture modification as an intervention for dysphagia.
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Introduction

Texture modification is a widely used intervention for dyspha-
gia [1•, 2]. Thickened liquids flow more slowly than thin
liquids, and this provides extra time for a person with dyspha-
gia to achieve airway protection during swallowing. In 2008, a
landmark study by Logemann and colleagues showed that
individuals with dementia or Parkinson’s disease who aspirat-
ed thin barium were less likely to aspirate thicker liquids [3•].
However, to date, the literature has not identified the degree of
thickening that is required to achieve therapeutic benefit [4•].

Despite the widespread use of thickened liquids in dyspha-
gia management, without clear definitions for different de-
grees of thickening, there is a high likelihood of variability
in practice. A 2013 review of terminology and guidelines
around the world clearly illustrated the potential for confusion
across countries [1•]. In North America, liquids used in dys-
phagia management have been known by the labels thin, nec-
tar-like, honey-like, and spoon- or pudding-thick since the
publication of the National Dysphagia Diet (NDD) in 2002
[5]. Viscosity measurements for these categories were pro-
posed at a shear rate of 50 reciprocal seconds (/s) as follows:
thin: 1–50 cP; nectar-like: 51–350 cP; honey-like: 351–
1750 cP; and spoon-thick: > 1750 cP. However, neither the
equipment nor the skills necessary to perform accurate viscos-
ity measurements at controlled shear rates are accessible to
clinicians, caregivers, or patients with dysphagia. This means
that individuals who are involved in purchasing or preparing
thickened liquids for people with dysphagia rely on the infor-
mation on product labels or on subjective measures, such as
the stirring and manipulation of a liquid, observation of the
liquid while being poured from a cup or analysis of the liquid
by mouthfeel, or oral appraisal [6]. This dependency on sub-
jective impressions leads to poor quality control of liquid
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consistency: Glassburn and Deem demonstrated that clini-
cians showed poor inter- and intra-individual reliability when
using powdered thickeners to achieve targets of nectar- and
honey-thick liquids based on subjective impression [7].
Similarly, Cichero and colleagues found significant differ-
ences in the viscosities of thickened meal-time and
videofluoroscopy liquids labeled with identical names across
ten different hospitals [8]. They cautioned that such variability
creates the potential for patients to receive inappropriate thick-
nesses of liquid in their diets when transferred across facilities.
In 2017, a new international framework for classifying liquids
and foods used in dysphagia management was published with
the goal of establishing common terminology and measure-
ment guidelines to promote safety in the delivery of texture
modified foods and thickened liquids to people with dyspha-
gia [9•]. Implementation of this International Dysphagia Diet
Standardisation Initiative (IDDSI) Framework is underway
around the world.

In this manuscript, we will review methods that are avail-
able to measure the flow properties of liquids used in dyspha-
gia. Both low- and high- technology approaches will be de-
scribed. We will then illustrate comparative measures across
four of these methods for a set of liquids.

Measures of Apparent Viscosity

Viscosity, in lay terms, is the appearance or perception of the
“thickness” of a liquid. Technically, viscosity is the resistance
of a substance to flow under an applied force. Rheometers are
instruments that measure viscosity through the application of
force to a liquid, which causes deformation or shearing of the
liquid. The rate at which this deformation occurs is called
shear rate. Viscosity remains constant across the shear rate
continuum for some liquids (i.e., Newtonian liquids) but
varies across different shear rates for other liquids (i.e., non-
Newtonian); shear-thinning behavior, in which lower viscos-
ities are seen at higher shear rates, is a common characteristic
of liquids used in dysphagia management [10•]. For this rea-
son, accurate measurements of viscosity require control of
shear rate on the rheometer; but not all models of rheometer
come with this option [11]. When viscosity is reported at spe-
cific shear rates, we use the term apparent viscosity.

During swallowing, a liquid bolus is first squeezed through
the mouth by the tongue and then propelled into and through
the pharynx [12]; the shear rates that apply during this process
are likely to vary at different locations in the oropharynx. In
particular, shear rates are likely to differ between the horizon-
tally and vertically oriented planes of the oral cavity and the
pharynx, as well as between zones within a fluid, depending
on proximity to the walls of the oropharynx [13–15].
Although the NDD recommended the classification of liquids
using ranges of viscosity specified at a single shear rate of 50/

s, research by Shama and Sherman suggested that shear rate in
the oropharynx ranges from 10/s to over 1000/s [16].

Although the measurement of apparent viscosity has been
an established way of reporting flow in the field of dysphagia,
this method has its limitations and should not be used as the
only measure of liquid behavior [10•]. Other liquid properties
fall outside the scope of rheological measurement, including
fattiness, slipperiness, roughness, cohesiveness, elasticity, ad-
hesiveness, and homogeneity (to name a few) [17]. Two re-
cent studies illustrate that liquids with similar apparent viscos-
ities, but prepared using different thickeners can have signif-
icantly different perceptual characteristics in the mouth [18,
19]. Stokes and colleagues suggest that further measures, in-
cludingmeasures of extensional flow (see below), are required
to fully reveal similarities and differences in liquid flow char-
acteristics [17].

Tests of Extensional Flow

Extensional flow testing involves placing a liquid between
two plates and slowly moving the plates apart, allowing the
liquid to stretch, while maintaining constant volume. Upon
stretching, a strand develops as the plates move in opposite
directions. The area to volume ratio of the strand is much
higher in extensional flow than it is in shear flow. During oral
processing and pharyngeal swallowing, bolus deformation
patterns include both shear and extensional flow [10, 20].

In a recent Swedish study [21], both shear-controlled and
extensional viscosity testing were performed on liquids thick-
ened with five commercial thickeners used for dysphagia
management. Liquids thickened with xanthan gum had higher
extensional viscosities (and were slightly more shear-
thinning) than those thickened with starch [21]. This finding
demonstrates the ability of extensional testing to detect addi-
tional properties of liquids that might not be measured by
other available testing methods.

Slump Tests: Line-Spread Test and Bostwick
Consistometer

Another method of liquid flow testing involves the observa-
tion of flow across a flat, level surface over time; these tests
are called slump tests and include the line-spread test and
Bostwick consistometry. Budke and colleagues [22] describe
line-spread test methodology, as follows:

1) A cylinder standing 3.5-cm high and 5.0 cm in diameter is
placed on a flat, level clear surface, which is marked with
concentric circles with ½-cm spacing;

2) The test liquid is placed in the cylinder, which is then
lifted, allowing the sample to flow;

3) The average distance flowed across four equal quadrants
of the circle template is measured at 60 s;
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4) High numbers represent greater spread (i.e., lower viscos-
ity) while low numbers represent less spread (i.e., higher
viscosity).

Variations across line-spread tests may include differences
in cylinder height and capacity, in the spacing between the
lines on the concentric circle grid, and in the number of points
around the circle where measurements are taken. The line-
spread test cannot be used to determine shear viscosity, but
is useful for broad categorization of liquids into therapeutic
groupings of similarly behaving liquids [23, 24]. Notably, this
approach has been heavily used for classifying liquids for
dysphagia management into different consistencies in Japan
[25].

Bostwick consistometry is a second type of slump test. The
Bostwick consistometer device allows a specified volume of
liquid (i.e., 75 ml) to flow from a small holding chamber into a
longer measurement chamber when a gate is released. The
long chamber is marked with distance measurements in half
centimeters, and distance flowed (at the leading edge) is mea-
sured at 30 s. Liquids that are higher in viscosity will have
lower numbers on the Bostwick, while those that are lower in
viscosity will flow further. Liquids with very low viscosity are
likely to exhibit a floor effect while thin liquids will flow
quickly to the end of the long chamber, demonstrating a ceil-
ing effect. Such limitations are also seen with line-spread
testing.

In the province of Québec (Canada), Bostwick flow dis-
tances are used to categorize thickened liquids for clinical
purposes as follows: “clair”/thin: 16–24 cm; “nectar”: 13–
15 cm; “miel”/honey: 7–9 cm; and “pudding”: 3–5 cm [26,
27]. While the Bostwick test provides results on a continuous
scale, clinicians may experience difficulty when attempting to
categorize liquids that fall in the gaps between these ranges.

Gravity Flow Tests: Posthumus Funnel, Zahn Cups,
and IDDSI Flow Test

Similar to slump tests, gravity flow tests involve observation
of liquid flow, but oriented in a vertical direction. A variety of
testing methods fall under the gravity flow test category.
Historically, the posthumus funnel was used to measure the
viscosity of yogurt [28]; a predetermined amount of liquid was
allowed to flow through the funnel and the time to exit the
funnel was measured as an index of apparent viscosity.
Studies have found similarities between funnel flow time
and oral examination of viscosity [29]. The Zahn cup is a
similar method of liquid flow testing, based on time [30].
The stainless-steel Zahn cup comes in various sizes and has
a small hole in the bottom. Generally, large cup sizes are used
for liquids with low flow and small cup sizes are used when
the liquid is fast-flowing (low viscosity). To determine the
flow of the liquid, the cup is dipped into the liquid, filled

and pulled out of the body of liquid [31]. Once the Zahn cup
has surfaced and the fluid is allowed to flow out of the bottom,
the time until the stream of liquid breaks is measured. This
“breaking” of the liquid stream is known as efflux time [32].
Some gravity flow testing methods also provide a measure of
kinematic viscosity, in centistokes (cSt). Kinematic viscosity
can be derived from efflux time using equations provided by
Zahn cup manufacturers.

Other gravity flow tests are based on residual volume in the
testing device after flow has occurred for a set amount of time;
this is analogous to slump test methodology. IDDSI has se-
lected this type of gravity flow test as their primary recom-
mended method of liquid flow characterization. The IDDSI
Flow Test involves the observation of liquid flow through a
standard 10-ml slip-tip syringe [10]. Instructions can be found
at www.iddsi.org. After 10 s of flow, the height of the residual
column of liquid is used to categorize the liquid, as follows:
Level 0, Thin: no liquid left in the syringe; Level 1, Slightly
Thick: 1–4 ml of liquid left in the syringe; Level 2, Mildly
Thick: 4–8 ml of liquid left in the syringe; Level 3,
Moderately Thick: 8–10 ml of liquid left in the syringe;
Level 4, Extremely Thick: 10ml liquid left, no drips observed.

Drip Tests

As mentioned above, the IDDSI Flow Test reaches a point of
saturation, such that extremely thick liquids do not display any
flow through the syringe in the 10-s test period. At this point,
the IDDSI testing guidelines recommend further testing using
more subjective methods of observing the manner in which a
bolus drops or drips from a utensil. Both forks and spoons are
used in these tests.

Fork-drip tests aim to classify thick drinks and fluid foods
based on whether they flow through the prongs of a fork. This
type of testing is sensitive to differences in viscosity, both in a
descriptive approach and with more objective measurements
of time-to-first-drip of the liquid through the fork [33, 34].
Historically, the Australian guidelines for dysphagia diet clas-
sification included fork drip testing to describe distinct cate-
gories of liquid flow as follows: regular liquids will run
through the prongs of a fork quickly, leaving no coating be-
hind; mildly thick liquids still run fairly quickly through the
prongs of a fork but leave a visible coating behind; moderately
thick liquids coat the fork and drop slowly (in dollops)
through the prongs; extremely thick liquids remain on the fork
with no dripping and hold together well [35]. Similarly, the
2011 British guidelines incorporated fork testing to differenti-
ate levels of thickness, based on whether or not an item could
be eaten with a fork. Thin purees were described as not being
possible to eat with a fork, because they drip (albeit slowly)
through the prongs [36]. By contrast, thick purees can be eaten
with a fork, because they do not drop through the prongs.
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Spoon drop or tilt testing is used to measure the adhesive-
ness of a liquid, and the ability for the sample to remain co-
hesive. The behavior of the liquid is observed after being
loaded onto a spoon and then tipping or tilting the spoon.
IDDSI recommends use of the Spoon Tilt Test to distinguish
between levels 4 and 5 in the framework. At Level 4 (extreme-
ly thick liquids), a sample should: be cohesive enough to hold
its shape while on the spoon (but may spread or slump once on
a plate); slide/drop-off of the spoon as a single bolus when
tilted, or with a slight shake or flick; leave very little residue
behind on the spoon. In particular, this test is useful for iden-
tifying items that are sticky and likely to be challenging for
individuals with dysphagia to move efficiently through the
mouth.

Illustration

In order to illustrate the differences that may be seen
across different methods of flow measurement, we will
share results of shear-controlled rheometry, line-spread
testing, Bostwick consistometry, and gravity flow testing
using the IDDSI Flow Test for two arrays of liquids span-
ning the thin to extremely thick continuum. One array was
prepared using a starch-based thickener (Nestlé®

Resource® ThickenUp®) in concentrations of 0, 4.15,
4.77, 5.85, and 7.8 g/100 ml of flavored water (Nestlé®

Lemon Splash); the second array was prepared using a
xanthan gum-based thickener (Nestlé® Resource®

ThickenUp® Clear) in concentrations of 0, 0.65, 1.25,
2.1, and 7.5 g/100 ml of the same flavored water.
Table 1 provides comparison results for the four types of
testing for both arrays. The values shown represent the
mean test result obtained across three repeated tests at
room temperature, 1 h after mixing. A few of the results
are worth highlighting. First, it is obvious that much

larger amounts of starch thickener were required (com-
pared to xanthan gum-based thickener) to achieve target
flow within each of the IDDSI liquid flow levels. Notice
also that the apparent viscosities of the starch thickened
liquids are substantially higher than those of the gum-
thickened liquids, despite the fact that these liquids dis-
play similar gravity flow. Notably, a large jump can be
seen in the amount of xanthan gum thickener required to
achieve an extremely thick (Level 4) IDDSI flow test
result, compared to Level 3. This reflects the fact that a
small number of drips from the syringe may be seen as
the IDDSI Flow Test reaches its saturation point. This fact
also illustrates the fact that switching to fork drip and
spoon tilt testing is appropriate and important to confirm
the charac te r i s t i c s o f ex t remely th ick l iqu ids .
Furthermore, the results in Table 1 clearly illustrate both
floor and ceiling effects for the line-spread and Bostwick
methods. In fact, the slightly thick liquids reached satura-
tion (i.e., 24 cm of flow) on the Bostwick test in approx-
imately 7 s, well in advance of the 30-s time frame spec-
ified for reading flow results.

Figure 1 expands upon the data in Table 1 by plotting
flow test, line-spread, and Bostwick test results, and clear-
ly illustrates the inverse relationship that can be expected
between the IDDSI Flow Test and slump test methods.
The different degrees of test saturation can also be appre-
ciated in a comparison of the three methods. For the
slightly thick and mildly thick liquids, both the line-
spread and Bostwick results display test saturation,
whereas differences between these levels and between
the starch and gum-thickened liquids within the mildly
thick level can be seen using the IDDSI Flow Test.
Conversely, the extremely thick liquids show saturation
on the IDDSI Flow Test. Slight differences between the
starch and gum-thickened stimuli can be appreciated in

Table 1 Comparison results of thickened liquids using four types of testing methods

Thickener type Thickener amount
(g/100 ml)

Viscosity at
50/s (mPa.s)*

Line-spread test
(mean flow at 60 s)ǂ

Bostwick consistometry
(mean flow at 30 s)

IDDSI flow test: mean
residual fluid at 10 s (ml)*

IDDSI level

None None 1 8.0 24.0 0.0 0—Thin

Starch 4.15 75 6.1 24.0 1.9 1—Slightly thick

4.77 141 5.1 24.0 5.0 2—Mildly thick

5.85 338 3.4 15.0 9.4 3—Moderately thick

7.80 1400 1.6 3.0 10.0 4—Extremely thick

Xanthan gum 0.65 48 7.9 24.0 1.9 1—Slightly thick

1.25 126 5.5 24.0 5.2 2—Mildly thick

2.10 287 4.9 13.5 9.1 3—Moderately thick

7.50 1050 2.8 4.0 10.0 4—Extremely thick

*Results represent the mean values obtained across three repeated tests per stimulus at 25 °C (19). ǂResults represent the mean value obtained across four
quadrants of measurement on the line-spread grid at 25 °C
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the Bostwick results, while the line-spread test was sensi-
tive to differences between thickeners at all consistency
levels. At this point, it remains unknown whether small
differences either in slump test results or in gravity flow

measures (i.e., those that fall within the boundaries of the
IDDSI flow levels) have clinical significance, either with
respect to eliciting differences in swallowing physiology
or in the frequency of airway invasion.

Fig. 1 Comparison of average
flow results for the line-spread
test, Bostwick, and IDDSI flow
test
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Conclusion

The existence of multiple labelling conventions for thickened
liquids, without an accessible and valid method of confirming
flow properties is a patient safety risk [1•]. There are numerous
examples in coronial literature of choking deaths due to the
provision of inappropriate food textures to patients with dys-
phagia. For example, the Ontario Office of the Coroner has
recently identified inconsistencies in diet texture labelling as a
contributing factor in a death due to choking [37]. With respect
to liquids, current evidence regarding the effectiveness of thick-
ened liquids for reducing aspiration and preventing negative
sequela is hampered by a lack of consistent use of clear termi-
nology and measurement [3, 4]. One example of the confusion
that can arise in this respect is seen in a randomized control trial
which involved the observation of pneumonia and other out-
comes in older adults with dementia or Parkinson’s disease
over a 3-month time frame [38•]. Two levels of thickened liquid
were studied, along with consumption of thin liquids using a
chin-down technique. The thickened liquids were labeled “nec-
tar” and “honey”; however, the apparent viscosity of the honey-
thick liquids was twice as thick as the NDD guideline for
honey-thick liquids. Participants in that study showed unex-
pected negative outcomes with this honey-thick consistency,
including higher rates of pneumonia, dehydration, and death.
It would, however, be incorrect to generalize these results to
liquids with a viscosity within the NDD category of honey-
thick because the “honey” thick liquid used in the study actu-
ally belonged to the “pudding” thick consistency class.

The standard definitions and measurement methods
recommended by the IDDSI provide a path out of the
confusion that has dominated the clinical use of thickened
liquids. The low-technology testing methods developed
by IDDSI are accessible not only to hospitals, food ser-
vice providers, and clinicians, but importantly also to
caregivers. As such, they empower end users to check
the consistency of liquids for people with dysphagia at
the point of service, and facilitate risk reduction through
improved adherence to diet texture recommendations.
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