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Abstract. The design of medical devices is challenging, due to strict geometry
specifications and criteria belonging to several disciplines. The aim of this paper is
to provide a design methodology which seems to lack in the literature of design of
biomedical devices. In particular, the case study proposed in this paper concerns
with the design of Bone-Biopsy (BB) needle devices. Following the design pro-
cess of Pahl and Beitz, a functional analysis is carried out, to point out the inter-
faces between parts of existing BB needles. A morphology matrix is used to gen-
erate alternatives for the cannula holder, the core part of the product. Generated
alternatives have been ranked and scored by means of the Pugh’s Controlled Con-
vergence method according to the decision makers' opinions. In this work, the de-
sign peculiarities related to the BB needles which have been pointed out could be
extended for guiding the design of other biomedical devices.
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1. Introduction

The design of bone biopsy needles is challenging, due to several criteria which
need to be considered concurrently, as well as strict geometry specifications re-
quested. Hence, design methods should be adopted in order to satisfy constraints
and select most suitable alternatives, considering all the multiple criteria and ac-
tors involved. The case study of this paper concerns the design of bone biopsy
(BB) needle devices. Bone biopsy is a diagnostic procedure consisting in taking a
sample of bone tissue to be analysed in the laboratory, by means of a device with a



hollow cannula surrounding a stylet (Figure 1). The cannula and stylet are coaxial-
ly assembled and are used to penetrate through the outer layer of the bone, (cor-
tex), which is harder than the trabecular bone layer and the marrow. Reliable de-
vices are characterized by optimized shapes of the handle, needle and cannula.
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Figure 1 Bone-Biopsy needles (Jamshidi type) and relative components

Handle (2 parts)

In the literature, papers related to the design of biopsy needles are mostly
aimed at enhancing the biopsy efficiency in relation to the geometry of the cannu-
la and needle. This is for enhancing the sample geometry [1-3], or the efficiency
in taking it from the bone [4-6]. More in general, the use of MCDM methods in
the design of medical devices has been proposed in the literature, as in [7-9]. At
the authors’ best knowledge, no works regard the application of design methods
for generating and selecting new conceptual designs. Hence, this work is aimed at
describing the requirements related to the design of bone biopsy needles, as well
as the steps required for the generation and selection of concepts. This is to en-
hance the state of the art on the design of medical devices, and guide designers in
the assessment of design of novel medical devices, by providing a design method-
ology which seems to lack in the design of biomedical devices.

2. Method

The engineering design process adopted for the generation and selection of bi-
omedical devices is based on the systematic approach proposed by Pahl and Beitz
([10]). In Figure 2, the method followed is schematically depicted. Product speci-
fications are identified within the involved disciplines, (medicine, engineering de-
sign, and manufacturing). In the planning phase, a functional analysis is carried
out, to identify interfaces between product parts, and analyze them in terms of re-
sponse to product requirements. To this aim, a benchmark of the existing needles
has been performed first, in order to find out the common features among the ex-
isting BB-needles. Hence, a functional analysis is carried out, for evaluating the
core components of the needle assembly. Related concept designs are generated
considering the functions performed by each part of the device. The parts have
been collected within a morphology table, screened and scored by means of the
Pugh’s Controlled Convergence (PuCC) method, which is included in multicriteria



decision making (MCDM) methods as described in [11]. PuCC method is used to
classify and rank design alternatives candidate solutions, considering the judg-
ments of the decision makers belonging to different technical backgrounds.
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Figure 2 Design process for a biomedical device

3. Results

The functional analysis of the BB-needle is schematically reported in (Figure 3).
The handle 1 is made of components Al (cap) and B1 (handle body) and is the in-
terface with the operator. In the handle, the interface between parts Al and B1 re-
quires for a reliable tightening and ease of connection. Existing devices use locks
as the bayonet lock, snap fits, and cam-clamping. The interface between B1 and 2
is fundamental, as the central body is used to couple handle and cannula. The “2-
to-3” interface regards the connection of the cannula in the central body. The “3-
to-4” interface between the cannula and the needle requires strict coaxial toleranc-
es, hence the dimensions of these parts are constrained by regulations. The “5-to-
patient” interface is fundamental as it limits the depth penetration of the needle.
The height is regulated by means of a thread (5 to 2” interface), to guarantee the
sliding of the regulator. The interface between B1 and the cannula 3 is the cannula
holder 6, which is the core of the product, as it holds the cannula 3 during its pene-
tration into the bone. This is also responsible for the stresses and forces on the op-
erator and patient during biopsy operations. Hence, the generation and selection of
novel design are dedicated to the cannula holder component 6. Functions related
to the cannula holder are connection with the syringe (6-1), connection with the
handle body (6-2), and connection with the depth regulator 5 (6-3). Conceptual
designs for the cannula holder are generated by means of a morphology table, tak-
ing into account the interfaces with the coupled components as in the functional
analysis (Figure 4).
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Figure 3 Functional scheme of a bone biopsy needle (1 — Handle. (cover A1 — body B1); 2 —
central body; 3 — cannula; 4 — needle (stylet); 5 — depth regulator (guard), 6- cannula holder:
functions 6-1, 6-2, 6-3).

In particular: the connection with a syringe is via a Luer Lock thread (1A) or one
contour thread (1B). The tightening on the handle is carried out by means of snap
fits of different geometries (2A, 2B and 2C, Figure 4). The lower side clamping
with the regulator (3A, 3B and 3C in Figure 4) is based on snap-fits. To avoid
pairwise comparing and analyzing all 18 generated combinations, a modified
PuCC method is used. In particular, concepts are screened according to the func-
tions covered, namely function 1: connection to the syringe (concepts 1A, 1B);
function 2: connection to the handle body (concepts 2A, 2B, 2C); function 3: con-
nection to the depth regulator (concepts 3A, 3B, 3C). Concept designs are
screened by means of the PuCC method, (Table 1) according to four criteria,
namely: ease of manufacturing, easy geometry (presence of undercuts), easy con-
nection with the coupled component, reliable connection with the coupled compo-
nent. The reference product is the component 6 of Figure 3. The judgments given
to the alternatives in the PuCC matrix derive from a former discussion among the
decision makers, namely the designer, the manufacturer, the surgeon and the busi-
ness manager of a SME in the northern of Italy, which is specialized in biopsy
needles. They provided judgments for each design alternative, depending on the
specific function (1,2,3) and criterion that each part of the device must perform.
According to the PuCC method, the most suitable combination for the cannula
holder geometry seems to be the 1B-2C-3C Figure 5. Unlike the AHP method, the
PuCC method does not involve analytic calculations for ranking the alternatives.
Nevertheless, it maintains the objectivity of the judgments by means of a discus-
sion among the decision makers[11].
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Figure 4: morphologic table for the inner connection device

Table 1 Modified Pugh’s Controlled Convergence table for screening concepts
according to the functional analysis.

refer- Sfunction function 2: con-  function 3: con-
ence 1: connec-  nection to the nection to the
product tion to the  handle body depth regulator
syringe
Criteria 6 14 IB 24 2B 2C 34 3B 3C
ease of manufacturing 0 - + 0 - 0 0 - +
easy geometry (no undercuts) 0 0 + - - 0 + - +
easy connection with the cou- 0 0 0 + + + - +
pled component
reliable connection with the 0 0 + 0 - + - + +
coupled component
sum of + 2 2 1 4
sum of 0 2 1 0 0
sum of - 2 1 0
SUM 0 1 2 4

Figure 5 The selected design for the cannula holder (left) and the layout of the
entire Bone biopsy needle (right).



4. Discussion and Conclusions

The conceptual design of medical devices is challenging, due to strict regula-

tions and criteria to be satisfied. In this paper, the systematic method of Pahl and
Beitz [10] is used for the functional analysis of the components in the assembly.
Hence a modified PuCC method [11] is adopted for screening and scoring the al-
ternatives for the cannula holder in a BB-needle. The proposed cannula holder
seems to provide a better connection to the coupled components, with respect to
existing products. This work is aimed at enhancing the state of the art on the de-
sign of medical devices, guiding designers in the design of novel medical devices
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