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Using 3D printing to improve accessibility of the Nine-Hole test 
in Mexico
Uso de la impresión 3D para mejorar la accesibilidad de la prueba de Nueve Hoyos en México
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The Nine-Hole Peg Test (NHPT) is a test that is used 
to evaluate manual dexterity and fine motor skills. It 
was designed by Kellor et al. in 1971 and Mathiowetz 
et al. in 1985 published detailed instructions for the 
design and application of the test1,2. The main advan-
tages of this test are that it is simple, easy to transport, 
easy to administer and requires a short time to admin-
ister. The NHPT is used to assess manual dexterity in 
patients with hand injury and in neurodegenerative dis-
eases such as Parkinson’s disease3 or multiple sclero-
sis4 in which the NHPT is part of the Multiple Sclerosis 
Functional Composite which is a standardized test used 
primarily in clinical studies and consists of three assess-
ments: walk/leg function, arm and hand function, and 
cognitive function5.

In our country, access to the NHPT is limited. It is 
difficult to find the test even in specialized stores. Fac-
ing this problem, we undertook the task of designing a 
3D model of the NHPT with the use of SketchUp 2018 
software that was printed on a Dremel 3D printer model 
3D20 (Fig. 1). We can assume that this tool is valid for 
clinical evaluation as it complies with the measures of 
the original test design proposed by Mathiowetz et al.

We have performed preliminary measurements in 
18 subjects, with a median age of 28 years (interquar-
tile range = 24-66) and no history of neurological 
diseases, obtaining promising results. Intraclass cor-
relation coefficient (ICC) from dominant hand (Jamar 
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and 3D printed) was 0.769 (95% confidence interval: 
[CI] 0.388-0.913) and for non-dominant hand was 
0.832 (95% CI: 0.543-0.937). ICC estimates and 95% 
CI were calculated using the Statistical Package 
for the Social Sciences  (SPSS) version  25 (SPSS 
Inc., Chicago, IL) based on a mean-rating (k = 2), 

Figure  1. Nine-Hole Peg Test model. A: model created 
with SketchUp 2018. B: model printed with Dremel 3D20. 
C: analysis of the correlation between Jamar times and 
the 3D model.
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absolute-agreement, two-way mixed-effects model. As 
shown in figure  1, the correlation coefficient for the 
dominant hand was 0.62 (p = 0.006) while for the 
non-dominant hand, it was 0.70 (p = 0.001).

It is undeniable that parts printed on a 3D printer can 
become unspecific. Factors such as printing speed and 
the height of each layer can influence the final mea-
surements of the model and in the case of the NHPT 
not present the exact measurements6. However, the 
use of free software such as Cura or commercial soft-
ware such as Simplify, and the standardization of print-
ing profiles, can help to diminish these effects and help 
to maintain the proper configuration of the model.

With the advance of technology, tools have been 
designed and evaluated that allow patients to be eval-
uated remotely or by virtual reality. However, it has 
been reported that in a virtual NHPT, patients take 
longer to perform the test compared to the traditional 
test7, so, despite being a viable option, new standards 
would have to be adapted for the validation of these 
new tools.

The regular use of the test allows neurologists to 
perform a comprehensive evaluation of the patient with 
upper-limb alterations. Since, in our country, the acces-
sibility to this test is limited, we believe that 3D printing 
can be the way to have valid and low-cost models. The 

average printing time for this model is in the range of 
2.5-5 h, depending on the print settings and the cost 
of the material required to print this model (standard 
polylactic acid filament) would be in the range of 5-15 
dollars. Several universities in our country have 3D 
printers and could help to replicate models or even 
propose new tests that could further improve the clini-
cal neurological evaluation.

The STL files for printing this model will be shared 
upon request with the corresponding author.
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