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ABSTRACT 
    This study is aimed to evaluate the effects of coated 
surgical needles with composite polymers such as 
polydopamine (PDA), polytetrafluoroethylene 
(PTFE), and carbon. The coated needle’s lubrication 
properties were measured using 3 DOF force sensors 
and 3D robot system by the repetitive insertion in soft 
tissue materials. Needle durability is a measure of 
needle sharpness after repeated passage through high 
stiffness tissue materials. The composite coatings were 
shown to reduce the insertion force by ~49% and 
retraction forces by ~46% when tested using a bovine 
kidney. The surface roughness and the lateral friction 
force of the needle are measured using the Atomic 
Force Microscope (AFM). The adhesion energy of the 
different coating on the needle will be measured using 
a nano-scratch method. 
 
INTRODUCTION 
    The medical surgeons generally use surgical 
needles for disease diagnoses such as biopsy, 
brachytherapy, thermal ablation, and drug delivery. 
The biomechanical performance of the needle is 
mainly based on the needle properties such as 
lubrication (or low surface roughness), ductility, 
sharpness, the geometry of the tip, and the method of 
insertion. The sharpness of the needle can be evaluated 
from the magnitude of penetration force encountered 
by the tip of the needle. Needles with smaller gauge 
sizes are becoming widespread for their capacity to 
reduce the pain associated with needle insertion. 
Insulin needles, dental needles, microneedles are 
examples of fine needles used for personal and clinical 
uses. When the larger diameter needle is inserted into 
human organs, it first punctures the skin. After 
puncturing the skin, the needle will travel into the 
tissue where the friction force on the interface of the 
needle and tissue dominates the mechanics of the 
insertion (Figure 1). In addition to the friction force, 

the pressure from the tissue on the needle and the 
cutting force influence the insertion force. Tissue 
damage is often caused by friction and cutting forces 
during needle insertion [1-3]. 

 
FIGURE 1: THE FORCES ACTING ON NEEDLE 
DURING INSERTION IN THE TISSUE 

 
    In previous studies, coating medical devices with 
polymers have shown some potential with the 
limitations [4]. In various studies, the surface of 
medical needles were coated with silicone lubricants 
[5], diamond-like carbon [6], metallic glass [7], 
polytetrafluoroethylene; to reduce the friction and 
thereby to reduce the amount of the force required for 
insertion. However, the effectiveness of these coatings 
decreases with use, especially when used for the 
suturing of the skin. 
PTFE has useful properties such as a low coefficient 
of friction, hydrophobicity, biocompatibility, and 
chemical resistance. However, PTFE has a non-stick 
property which makes its coating less durable and it 
can be easily detached from surfaces under frictional 
load and shear. This is where Polydopamine comes 
into play to overcome these shortcomings. 
Polydopamine (PDA) polymer has a unique property 
of the adhesion. Polydopamine can adhere to any 
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organic and inorganic surfaces, meaning that PDA can 
be used as a mechanism of the adhesion between 
substrate and materials that are typically adhesion 
resistant. This study aims to combine the strong 
adhesion between PDA and PTFE with the inclusion 
of an activated carbon filler to produce highly durable 
PTFE composite coatings with exceptionally low 
surface roughness and coefficients of friction (COF). 
 
MATERIALS AND METHODS 
    Two different types of coating conditions were 
investigated in this study: (I) Stainless steel needle 
coated with PDA (basecoat) and PTFE (topcoat), (II) 
Stainless steel needle coated with PDA (basecoat) and 
PTFE + Carbon (topcoat). The needle used in this 
study has a diameter of 16 gauge and a length of 10 
cm.  
    The 50 mM PDA solution (PH 8.5) was prepared 
using dopamine hydrochloride (H8502, Sigma 
Aldrich, St. Louis, MO, USA) and tris 
(hydroxymethyl) aminomethane (T1503, Sigma 
Aldrich, St. Louis, MO, USA). Before the 
polydopamine-coating deposition onto the needles, 
needles were clean to remove any surface impurity. 
Steel needles were submerged into the PDA solution 
for a duration of 24 h to grow the thin coating of PDA 
on needle interface [8,9]. Then needles were removed 
and rinsed in DI water prior to the deposition of PTFE 
and PTFE + Carbon topcoat. 
    PTFE (Disp 30 DuPont Fuel cell earth, Woburn, 
MA) solution was directly used in the dip coating 
machine to coat the needle with PTFE. After rinsing 
PDA coated needles with DI water, they were placed 
into the fixture of the dip-coating machine. PDA 
coated needles were dipped into PTFE solution at the 
speed of 10 mm/min and kept for 3 min in the PTFE 
solution to form a PTFE coating on PDA coated 
needle. After that, Needles were extracted at the same 
speed of 10 mm/min. Then, PDA and PTFE coated 
needles were placed in the oven for drying at the 
120oC. Afterwards, Needles were transferred to the 
furnace, where needles were heated up to 373oC to 
remove water particles and the wetting agent from the 
coating.  
    For the PTFE and carbon coating, the solution was 
prepared with 25% Carbon in PTFE. PDA coated 
needles were dipped into PTFE and carbon solution at 
the speed of 10 mm/min and kept for 3 min in the 
PTFE and Carbon solution to form the coating on PDA 
coated needle. After that, Needles were extracted at the 
same speed of 10 mm/min. Then, coated needles were 
placed in the oven for drying at the 120oC. Afterward, 
Needles were transferred to the furnace where needles 
were heated up to 373oC to remove water particles and 
the wetting agent from the coating [9,10,11]. This 
process typically produces 1-3 μm  of a thin coating. 

The surface roughness study was performed by AFM 
under non-contact tapping mode and contact mode 
respectively [12].  
   In this study, we build the 3-DOF robot with the 
linear actuator and motors. The combination of motors 
and linear actuators gives us decent control over 
movements in 3D space and the speed with the precise 
needle maneuvering (Figure 2) [13]. 

 
FIGURE 2: EXPERIMENTAL TEST SETUP 

 
    We used 6 DOF force/torque sensor (Nano17® ATI 
Industrial Automation, Apex, NC), which can measure 
the forces in millinewtons. Needle fixture is attached 
to the force sensor to measure the forces exerted on the 
needle. Initial experiments and analysis of data were 
performed to obtain a better understating of force data. 
Three groups of experiments were conducted with five 
PDA and PTFE coated; five PDA and PTFE+ Carbon; 
and five bare needles respectively on the bovine 
kidney. The bovine has the stiffness of ~ 4-5 kPa.  We 
performed five insertions and extractions with each 
needle. The test setup is programmed to perform 
insertions and extractions every two cm with a speed 
of 5 mm/sec. In the first row, experiments were 
performed with the bare needles. After performing 
five insertions in a straight line, the second row of 
insertions was started approximately two cm 
perpendicular to the first-row insertion with the PDA 
and PTFE coated needles. The insertions with the PDA 
and PTFE + Carbon coated needles were performed 
with the same pattern in the third row. 
 
RESULTS 
    We used force sensors to measure all forces and 
atomic force microscope (AFM) to measure the 
surface roughness. Figure 3 shows the results of 
polymer-coated needles average force data vs the 
depth upon experiments of the bovine kidney. The 
upper region of the data shows the average insertion 
force and another region down to it shows the average 
extraction forces. The maximum average force for 
uncoated needle was 3.54 N, PDA and PTFE coated 
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needle was 2.71 N and for PDA and PTFE+ activated 
carbon was 1.82 N. From the Figure 3 A, it is 
interpreted that the average insertion force reduction 
in PDA, PTFE + activated Carbon is approximately 49 
% than the bare needle. The standard deviations for 
average forces are shown in figure 3 B. 

 
FIGURE 3 A: AVERAGE FORCE AND DEPTH GRAPH 
FOR BARE NEEDLE, PDA AND PTFE COATED 
NEEDLE AND PDA AND PTFE + CARBON COATED 
NEEDLE UPON INSERTION INTO BOVINE KIDNEY 
 

 
FIGURE 3 B: MAXIMUM FORCE AND STANDARD 
DEVIATION DATA OF BARE NEEDLE, PDA + PTFE 
NEEDLE AND PDA+ (PTFE AND CARBON COATED 
NEEDLE) UPON INSERTION INTO BOVINE KIDNEY. 

 

 
(A) 

  
(B) 

FIGURE 4 (A) AFM SCAN OF BARE NEEDLE. (B) AFM 
SCAN OF PDA+PTFE+C COATED NEEDLE 
 
    After the AFM analysis, we found that the PDA -
PTFE - Carbon coating surface roughness root means 
square value (RMS) is reduced by ~ 50 % compared 
to the bare needle’s surface roughness root mean 
square value. RMS roughness value for the 
PDA+PTFE +C needle is around ~52 nm while bare 
needle RMS roughness value is ~102 nm (Figure 4). 
The study of the adhesion force/energy of the coating 
on stainless steel needle will be performed using the 
nano-scratch mode of nanoindenter (Hysitron TI980) 
[14]. 
 
CONCLUSION 
    The results indicate that the addition of 25% Carbon 
particles in the PDA/PTFE films significantly reduces 
the surface roughness, insertion forces, and enhance 
the nonstick property of the surface. The composite 
coatings were shown to reduce the insertion force by 
~49% and retraction forces by ~46%. This shows great 
promises for not only surgical needles but also for the 
other medical devices where the high friction is the 
challenge. The analysis of Sterilization, 
biocompatibility, coefficient of friction, and durability 
will be our future work. 
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