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Background: Although freehand injection of botulinum toxin remains the status quo, it is an 

inaccurate technique for delivering precise amounts of neurotoxin at multiple injection sites 

with expediency. We developed an inexpensive, ergonomic, single-use, disposable exostructure 

device that rapidly converts a standard syringe into a highly accurate injection instrument.

Materials and methods: Based on the results of two independent injectors, we determined 

the comparative delivery dose accuracy, precision, and amount of product waste associated with 

a standard syringe using the freehand injection technique vs a prototype injection assist device. 

Fifteen experienced injectors were also surveyed regarding their satisfaction using the device 

in a controlled research setting.

Results: The average percentage difference from the expected dose value was <1% (0.00024 

mL) for 1-unit doses (ie, 0.025 mL) with the injection assist device. In contrast, accuracy values 

with the freehand method were more than 10 times worse (ie, >10% or 0.0025 mL). Accuracy 

estimates were also superior with the device over freehand for 2- and 4-unit doses. Precision 

estimates favored the device for all comparisons and all dosing regimens. The magnitude of 

variability around the average difference ranged from 2.2 to 5.4 times worse for the freehand 

method compared to the device. The overall percentage of product waste was substantial with 

the freehand method (>10%) compared to the device (4.3%) (P=0.04) for 1-unit injections. The 

percentage of injections showing measurable product waste was also significantly lower with the 

device (78% vs 25%, P=0.01). Fourteen of 15 (93%) injectors surveyed would use the device 

in daily practice if it were included complimentary with the neurotoxin.

Conclusion: The injection assist device offered superior accuracy and precision compared to 

the freehand method across the entire injection regimen. The ancillary finding of a significant 

reduction in product waste with the device was particularly notable.
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Introduction
Due in large part to its uniform and undisputed efficacy for cosmetic and therapeutic 

applications, botulinum toxin has enjoyed ever expanding usage across a broad array 

of medical practitioners.1 Burgeoning demand in patients for nonsurgical cosmetic 

procedures, in particular, has fueled the ongoing quest for more approved esthetic 

indications as well as the introduction of newer neurotoxin formulations into the com-

mercial medical marketplace.2
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Alongside the steep growth trajectory in botulinum toxin 

utilization has been an evolving understanding of the need 

to tailor personalized treatment plans to accommodate dif-

fering facial anatomies, muscle tone, genders, ethnicities, 

and patient preferences.3–5 In recently published consensus 

recommendations for esthetic use, Sundaram et al6 described 

a “paradigm shift” away from the previous emphasis on 

facial paralysis toward achieving a more relaxed, natural 

appearance with the elimination of lines in repose while 

maintaining some movement and facial animation during 

emotive expression. It is now widely acknowledged that a 

one-size-fits-all approach to botulinum toxin administration 

produces less than optimal esthetic results.3

In order to consistently realize a more natural appear-

ance in patients, lower doses of neurotoxin distributed over 

a greater number of injection points are required.1,6–8 This 

technique necessitates that the contents of the syringe should 

be apportioned reproducibly in separate, discrete doses 

across multiple injection sites during the same procedure. 

Although freehand injection of botulinum toxin remains the 

status quo, it is an inaccurate technique for delivering precise 

amounts of neurotoxin at multiple injection sites with expedi-

ency. In fact, injection dose accuracy with freehand syringe 

delivery worsens with smaller doses.9 Consequently, some 

practitioners have resorted to using multiple syringes filled 

with individual units or they pause frequently during the 

procedure to estimate the remaining contents in the syringe 

barrel. These methods are burdensome and add unnecessary 

time and complexity to the procedure.

Given the enormous worldwide clinical demand projected 

for botulinum toxin, there exists an urgent need to develop 

improved delivery methods for administering accurate 

volumetric doses from a standard syringe. We developed 

an inexpensive, ergonomic, single-use, disposable molded 

plastic exostructure device that rapidly converts a standard 

syringe into a highly accurate injection instrument. Herein, 

we provide comparative quantitative evaluations of the injec-

tion assist device accuracy, precision and amount of product 

waste vs the traditional freehand injection method, as well as 

a qualitative assessment of user satisfaction with the device.

Materials and methods
Overview
The objective of this study was to determine the comparative 

delivery dose accuracy, precision, and amount of product 

waste associated with the use of a standard syringe using the 

freehand injection technique vs an injection assist device. 

All quantitative tests were performed by an independent 

preclinical contract research organization (PMI, San Carlos, 

CA, USA) using standardized models defined prospectively 

in specified protocols. This study was exempt from institu-

tional review board review and oversight as all test data were 

conducted using bench top experiments and did not involve 

human subjects or live animals.

To evaluate user satisfaction with the injection assist 

device, we engaged a medical market research firm (Qes-

sential, Exeter, NH, USA) to independently conduct in 

person, in-depth interviews with experienced, high-volume 

neurotoxin users in a major US metropolitan center. Each 

injector experienced “hands on” utilization of the device 

in a controlled market research setting. Qualitative market 

research was conducted in accordance with the Market 

Research Association’s Code of Marketing Research Stan-

dards (2013, Washington, DC, USA).

Device description
The injection assist device is an exostructure to assist in the 

accurate delivery of individual units from a standard, single-

use, disposable syringe filled with multiple doses (KB Medi-

cal, LLC, Las Vegas, NV, USA). The syringe exostructure is 

single-use and disposable and can be configured to support 

different syringe sizes and dosing requirements. The syringe 

exostructure includes formed features that ergonomically 

replicate the impression of a standard syringe (Figure 1). The 

exostructure retains a syringe in place while a cam mecha-

nism advances the syringe’s plunger a set distance into the 

barrel to expel a measured volume with each compression of 

the exoskeleton plunger. Tactile and/or audible feedback(s) 

are provided when the plunger is compressed. The filled 

syringe is retained within a main body of the syringe exo-

structure and secured in place by the formed features and a 

hinged door that closes permanently and is tamper proof. 

The device specified for this study was configured to deliver 

individual doses equaling 0.025 mL with each compression 

of the plunger.

Accuracy and precision
The freehand injection protocol was executed by two separate 

operators on 2 different days. Both operators were experi-

enced injectors with over a decade of neurotoxin injection 

experience. All injections used normal saline. In all cases, a 

1.0-mL standard disposable syringe (B Braun, Bethlehem, 

PA, USA) with a 30-G needle was used. The dose quantity 

of saline contained within a 1.0-mL disposable syringe was 

measured using a digital analytical scale and an individual 

dose, referred to as 1 “unit”, equivalent to a target value of 
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0.025 mL was delivered in single and multiple units in the 

following order:

•	 1 unit × 10 injections =10 units, 

•	 2 units × 5 injections =10 units, and

•	 4 units × 5 injections =20 units.

Each injection was delivered freehand into an appropriate 

receptacle atop the analytical scale. The value of the liquid 

dispensed was recorded after each injection, and the scale 

was reset prior to the next injection in the sequence.

The two operators were blinded to the measured scale 

value during the freehand injection process but were allowed 

visualization of the syringe barrel. The injection regimens 

were timed and restricted to 3 minutes.

Using the same injection and measurement regimen 

described earlier, a total of 120 total units of saline were 

delivered using the injection assist device, reflecting three 

repetitions of the injection regimen. As before, execution of 

the injection regimen was timed and limited to 3 minutes per 

series. Multiunit injections were delivered as consecutive 

individual units prior to resetting the scale. A single inde-

pendent operator executed this injection regimen.

Product waste
Using a turkey leg injection model, the amount of post-

injection dripping of saline from the injection site and drips at 

the tip of the needle were collected using absorbable sponges 

and measured using the digital analytical scale. Product waste 

volumes were recorded immediately following needle with-

drawal. The same two independent operators were employed 

to execute the freehand technique product waste protocol.

All injections were delivered into a turkey leg model with 

skin intact at room temperature. The same injection sequence 

(ie, 10, 10, and 20 units) was used for this study for both the 

freehand technique and the injection assist device. For the 

freehand method, injection sequences involving multiple 

units (ie, 2 and 4 units) were dispensed as continuous injec-

tions. For the injection assist device, multiunit injections 

were again delivered as consecutive individual units prior 

to needle withdraw.

User satisfaction
A qualitative market research approach was used to assess 

the clinical utility and satisfaction with use of the injection 

assist among experienced neurotoxin users. The assessment 

was based on responses to a combination of stimuli (eg, video 

demonstrations and direct evaluation of actual prototypes of 

the product). Potential participants were canvassed from a 

major US metropolitan center.

To qualify, respondents had to fulfill the following:

•	 Board certified in specialty (physician only).

•	 Been in practice for at least 1 year and performing neu-

rotoxin cosmetic facial injections for at least 2 years.

Figure 1 Injection assist device assembly
Notes: Injection assist device side-by-side with a standard 1.0 mL syringe (A). Syringe placed within the injection assist device (B). Syringe secured within the device and fully 
converted to an accurate injection instrument with tamper-proof hinged door permanently closed and ready to be deployed (C).

A C

B
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•	 Must treat at least five patients per week for neurotoxin 

cosmetic facial injections.

A total of 15 in-depth interviews were conducted among 

clinicians performing cosmetic facial injections as follows:

•	 six plastic surgeons,

•	 seven dermatologists, and

•	 two extenders (one nurse and one physician’s assistant).

On average, interview length was 60 minutes. Although the 

threshold for inclusion was at least five patients injected per 

week, 12 of 15 practitioners reported injecting 10 or more 

patients with 9 of 15 reporting 20 or more patients per week 

(range: 6–75 per week). All interviews were recorded, tran-

scribed, and qualitatively summarized.

Statistical methods
All accuracy, precision, and product waste data were managed 

and analyzed by an independent biostatistical firm (Advanced 

Research Associates, Santa Clara, CA, USA). Precision 

and accuracy estimates were computed, summarized, and 

displayed graphically. The percentage of product waste was 

also computed and compared across groups.

The accuracy and precision of the freehand and injection 

assist device methods of delivering product were assessed for 

1 unit, 2 units, and 4 units. This assessment was performed 

by analyzing the differences between the expected and actual 

volumes delivered. The proximity of the average difference to 

0 provides an assessment of the level of accuracy obtained with 

each method. Precision was assessed by the SD of the differ-

ences between the expected and actual volume. SDs and 95% 

CIs were plotted for the freehand method and for the device.

During the 4-unit accuracy study, it was noted that the 

total amount of saline expelled with the injection assist device 

was <1.0 mL for all three repetitions. This resulted in the final 

1-unit dose in the 4-unit dose sequence being substantially 

<0.025 mL in each case. Thus, results are presented with the 

final 4-unit dose removed from the analysis.

Statistical comparisons between techniques used the two-

sample, t-test (two-tailed) for accuracy and product waste 

estimates and the F-test to compare the SDs as an estimate of 

precision. Bland–Altman plots were constructed to determine 

the degree of agreement between accuracy values achieved 

with the injection assist device and the expected value (ie, 

0.025 mL/unit).10 The Bland–Altman method calculates the 

mean difference between two methods of measurement (the 

“bias”) and the 95% limits of agreement as the mean differ-

ence (1.96 SD).

Results
There was a substantial improvement in injection accuracy 

and precision with the injection assist device compared to the 

traditional freehand method. Tables 1–3 provide accuracy and 

precision summary statistics for the injection assist device as 

well as for both freehand operators separately and combined. 

For accuracy, the average percentage difference from the 

expected dose value was <1% (0.00024 mL) for 1-unit doses 

(ie, 0.025 mL) with the injection assist device. In contrast, 

both operators had accuracy values that were more than 10 

times worse than the device (ie,>10% or 0.0025 mL) (P=0.09 

vs operator 1; P=0.24 vs operator 2). Similar differences 

in favor of the device were found for 2- and 4-unit doses 

(Tables 2 and 3). Device accuracy was significantly better 

Table 1 Accuracy and precision summary statistics: 1-unit injections

  N Mean SD Minimum Maximum Range Relative difference,  
% (mean/0.025)

Freehand operator 1 10 0.0026 0.003806 –0.006 0.007 0.013 10.40
Freehand operator 2 10 –0.0028 0.007613 –0.02 0.008 0.028 –11.20
Freehand combined 20 –0.0001 0.00648 –0.02 0.0080 0.028 –0.40
Device 29 0.00024 0.001725 –0.004 0.003 0.007 0.97

Table 2 Accuracy and precision summary statistics: 2-unit injections

  N Mean SD Minimum Maximum Range Relative difference,  
% (mean/0.05)

Freehand operator 1 5 0.01 0.003162 –0.015 –0.007 0.008 20.00
Freehand operator 2 5 0.0022 0.004382 –0.01 0 0.01 4.40
Freehand combined 10 0.0061 0.005466 –0.015 0.00000 0.015 12.20
Device 15 –0.00067 0.000816 –0.002 0 0.002 –1.33
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than that achieved by operator 1 for 2-unit (P=0.001) and 

4-unit (P<0.0001) injections, but not for operator 2 (P≥0.11 

for both comparisons). In particular, it was notable that the 

accuracy estimate was only 0.5% for 4-unit doses with the 

device (Table 3), reflecting excellent accuracy.

Comparative accuracy estimates and their associated 

variability are also displayed graphically (Figures 2–4). 

Inspection of these figures illustrates not only the relative 

proximity to “0” achieved with the device, reflecting excellent 

accuracy for all dosing regimens, but also the wide variability 

in accuracy between the 2 independent operators using the 

freehand method.

Table 3 Accuracy and precision summary statistics: 4-unit injections

  N Mean SD Minimum Maximum Range Relative difference,  
% (mean/0.1)

Freehand operator 1 5 0.0472 0.005357 0.038 0.052 0.014 47.20
Freehand operator 2 5 –0.0032 0.004087 –0.008 0.001 0.009 –3.20
Freehand combined 10 0.0220 0.02694 –0.008 0.052 0.06 22.00
Device 12 0.0005 0.001 –0.001 0.002 0.003 0.50

Figure 2 Comparative accuracy estimates for 1-unit (0.025 mL) doses.
Note: Data are expressed as mean difference ±1 SD.
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Precision estimates also favored the device for all com-

parisons and all dosing regimens (Tables 1–3). The magnitude 

of variability around the average difference ranged from 2.2 

to 5.4 times worse for the freehand method compared to the 

injection assist device. Precision estimates were significantly 

better for the device compared to the combined freehand 

values for all 3 dosing regimens (P<0.001 for all compari-

sons). The substantial differences in precision between the 

device and the freehand method are most notable graphically 

(Figures 5–7).

Bland–Altman plots are provided to display the agreement 

between the expected and delivered volumes for the injection 
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Figure 3 Comparative accuracy estimates for 2-unit (0.05 mL) doses.
Note: Data are expressed as mean difference ±1 SD.
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Figure 4 Comparative accuracy estimates for 4-unit (0.10 mL) doses.
Note: Data are expressed as mean difference ±1 SD.
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Figure 5 Comparative precision estimates for 1-unit (0.025 mL) doses.
Note: Data are expressed as SD with 95% CIs.
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Figure 6 Comparative precision estimates for 2-unit (0.05 mL) doses.
Note: Data are expressed as SD with 95% CIs.
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assist device, with the X-axis representing the order of injec-

tion (Figures 8–10). There was excellent agreement between 

the amount delivered and the expected value (ie, 0.025 mL/

unit) with mean differences of 0.0002, 0.0007, and 0.0005 

mL for 1-, 2-, and 4-unit injections, respectively.

The percentage of product waste relative to the total 

amount dispensed was calculated per injection for each 

method (Tables 4–6). A substantial reduction in product waste 

was realized with the injection assist device compared to the 

freehand method. For example, for 1-unit injections, the per-

centage of product waste was 11.9% for the mean combined 

total of the 2 independent operators. This value was 2.8 times 

higher than the average percentage of product waste associ-

ated with the device (4.3%) (P=0.04). For 4-unit doses, the 

average percentage of product waste was 6.2 times higher 

(3.1% vs 0.5%, P=0.13) for freehand compared to device. 

Of note, 78% (31 of 40) of the freehand injections (both 

operators combined) resulted in some amount of measurable 

product waste. In contrast, with the device only 25% (5 of 

20) of the injections showed waste (P=0.01).

In terms of user satisfaction and clinical utility, based on 

direct hands-on use of the prototype, 87% (13 of 15) of the 

injectors surveyed agreed to try the device in daily practice 

if it were commercially available, and 14 of the 15 (93%) 

injectors surveyed would use the device in daily practice if 

it were included complimentary with the neurotoxin.

Discussion
This study demonstrated excellent accuracy and preci-

sion with the injection assist device that was consistently 

superior to the freehand method of injection. For example, 

the relative percentage difference from the expected dose 

value was ~1% for 1- and 2-unit injections and <1% for 

4-unit injections with the injection assist device. In sharp 

contrast, freehand injection accuracy was often greater 

than 10 times worse (ie, >10% inaccuracy). Precision esti-

mates also favored the device by a large degree, resulting 

in substantially improved consistency and reproducibility 

between injections compared with the traditional freehand 

injection method. Consequently, the injection assist device 

can be employed to instantaneously convert a standard 

syringe into a highly accurate and precise injection instru-

ment without additional complexity or measurable costs 

to the procedure.

Figure 7 Comparative precision estimates for 4-unit (0.10 mL) doses.
Note: Data are expressed as SD with 95% CIs.
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Figure 8 Bland–Altman plot for 1-unit (0.025 mL) doses with 95% limits of agreement.
Note: X-axis shows order of injection.
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Figure 9 Bland–Altman plot for 2-unit (0.05 mL) doses with 95% limits of agreement.
Note: X-axis shows order of injection.
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Product waste during the botulinum toxin injection pro-

cedure is a begrudgingly accepted and universal fact of life 

even for experienced injectors, as confirmed in this study. 

The product waste comparisons were particularly noteworthy. 

For 1-unit doses, percentage product waste exceeded 10% for 

both operators, demonstrating a substantial loss of product. 

In sharp contrast, product waste was ~4% with the device 

for 1-unit doses. This is a specifically salient finding con-

sidering the current embrace of lower dose, multi-injection 

regimens to accommodate individualized treatment plans.3,4 

The undesirable economic consequences of neurotoxin 

product waste have been documented previously with regard 

to the selection of syringe type,11 but this is the first study 

to quantify the amount of product waste associated with 

needle and injection site drips. The ramifications of product 

waste will also likely be magnified by the shift toward other 

smaller dose applications such as rejuvenation of facial skin 

quality requiring numerous microdose injections throughout 

the lower face.12

We hypothesize that the much higher injection rate (dose/

second) capability with our device provides maximum neu-

rotoxin delivery and tissue dispersion, minimizing product 

waste from injection sites and needle dripping.

A substantial portion of the projected growth in cosmetic 

neurotoxin use will involve injection by physician extenders in 

the medical spa setting.13,14 It is currently estimated that ≥30% 
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Figure 10 Bland–Altman plot for 4-unit (0.10 mL) doses with 95% limits of agreement.
Note: X-axis shows order of injection.
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Table 4 Comparative percentage product waste: 1-unit injections

  N Mean (%) SD (%) Minimum (%) Maximum (%)

Freehand operator 1 10 12.5 9.0 0 27.3
Freehand operator 2 10 11.2 9.1 0 25.0
Freehand combined 20 11.9 8.8 0 27.3
Device 10 4.3 10.0 0 30.4

Table 5 Comparative percentage product waste: 2-unit injections

  N Mean (%) SD (%) Minimum (%) Maximum (%)

Freehand operator 1 5 6.0 2.8 2.0 10.0
Freehand operator 2 5 3.1 3.2 0 7.5
Freehand combined 10 4.6 3.2 0 10.0
Device 5 2.0 2.8 0 6.0

Table 6 Comparative percentage product waste: 4-unit injections

  N Mean (%) SD (%) Minimum (%) Maximum (%)

Freehand operator 1 5 5.4 2.4 2.0 8.0
Freehand operator 2 5 0.8 1.1 0 2.0
Freehand combined 10 3.1 3.0 0 8.0
Device 5 0.5 1.0 0 2.1

of the cosmetic botulinum toxin procedures are performed 

by physician extenders, often in satellite medical spa facili-

ties under the auspices of a physician director (https://www.

surgery.org/sites/default/files/ASAPS-Stats2016.pdf, https://

www.surgery.org/sites/default/files/ASAPS-Stats2017.pdf). 

This segment is growing rapidly and would benefit greatly 

from a device that guaranteed accurate and precise neurotoxin 

dose delivery and minimized product waste.

With the injection assist device, the injector does not have 

to rely on visually monitoring the marks on the syringe or 
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survey the blebs at the injection site to judge the quantity 

being injected. The fact that the device allows for the prac-

titioner to be more “patient-focused” was a clear advantage 

that resonated with injectors in our qualitative assessment of 

user satisfaction. Indeed, all but one experienced practitioner 

we surveyed were eager to use the device in clinical practice 

if it were provided complimentary with the neurotoxin.

Working and feeling like a standard syringe, each time the 

thumb presses the plunger a single exact unit of neurotoxin 

is delivered to the injection site. Tactile feedback and a soft 

audible “click” are provided as valuable features to assist 

the user in rapid injection. Importantly, the device can easily 

be configured to accommodate different syringe sizes and 

dosing requirements.

This device provides a substantially greater level of 

accuracy and precision compared to the freehand injection 

technique. Indeed, there are specialty syringe devices on 

the market that also provide accurate volumetric fluid deliv-

ery.15–17 However, they are expensive and not single-use or 

ergonomic. Instead, practitioners have grown accustomed 

to using inexpensive, off-the-shelf, disposable syringes to 

deliver botulinum toxin for cosmetic purposes. There is lim-

ited interest in transitioning to expensive specialty syringes to 

achieve the benefit of better injection accuracy. Our device, in 

contrast, combines the familiarity of using standard dispos-

able syringes with vastly improved injection accuracy and 

precision in an easy to use format.

Conclusion
The injection assist device offered superior accuracy and 

precision compared to the freehand method across the entire 

injection regimen. The ancillary finding of a significant reduc-

tion in product waste with the device was particularly notable. 

Potential users encouraged its use and expressed interest in 

employing this device in daily practice.
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