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AbstrAct
Biological debris between modular components using 
Morse tapers in hip arthroplasty can lead to weaken-
ing of the implant construct. We conducted a study to 
determine the effect of blood and fat within the taper 
interface. Tapers were divided into groups 1 (clean), 2 
(surface covered with blood and fat), and 3 (blood and 
fat wiped off). Each taper was impacted and disas-
sembled 5 times. There was a difference in mean disas-
sembly force between pulls within group 2. Thus, blood 
and fat contamination can have a significant effect on 
the potential for disassembly.

Up until the 1970s, the manufacturing industry 
used Morse technology in machining. By the 
latter half of that decade, orthopedic surgeons 
had begun using Morse taper technology in 

modular hip prostheses. “Taper” technology provides a 
tapered interlock for joining the femoral head with the 
femoral stem in total hip arthroplasty (THA).1 The inter-
locking tapered shaft allows for increased efficiency in 
connecting parts of the prosthesis. The taper technology 
provides a self-locking mechanism between the femoral 
head and stem that is resistant to distractive and rotatory 
stresses. Use of the Morse taper in a modular hip pros-

thesis has advantages.2,3 One advantage is the surgeon’s 
ability to “couple” different sizes and materials (eg, metal 
vs ceramic) for the femoral head and stem components.3 
Thus, Morse taper technology allows for component inter-
changeability, or modularity, which decreases the need to 
maintain a large inventory of components and thus mini-
mizes unnecessary costs.

In THA, modularity gives the surgeon more freedom 
when implanting the femoral stem, simply because the 
femoral head is not in the way. Moreover, with modularity, 
certain revisions are easier to perform, as the surgeon need 
only remove the femoral head and replace it with a new 
component (no need to disrupt a well-fixed femoral stem). 
The femoral head can also be removed to increase exposure 
of the acetabulum, particularly when acetabular revisions 
are required.2,4,5

Use of Morse tapers in THA has elicited some con-
cern. Some investigators have reported fretting and cor-
rosion between components,6-10 which could lead to 
increased micromotion at the modular interface with 
eventual production of debris.9-11 The debris formed at 
the taper interface can lead to other complications, such 
as necrosis, inflammation, osteolysis, aseptic loosening, 
granulomatous reaction, and systemic trace-metal accu-
mulation.6,9,11 Furthermore, fretting and corrosion with 
subsequent micromotion could limit the life of modular 
components and affect the overall strength of the design. 
This potential weakening of the implant could lead to 
decreased resistance to distractive and rotatory forces and 
possibly to unwanted disassembly.12

During surgery, debris (eg, blood, fat, pieces of bone) 
can land and remain on taper surfaces, despite surgeons’ 
efforts to keep them clean. Very few studies have addressed 
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Figure 1. Group 1 (clean tapers), disassembly forces over pulls 
1 through 5.
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the effects of biological debris on the life of modular 
implants.13,14 Although there is no proof of association of 
disassembly forces with coefficient of friction, torsional 
resistance, or fretting, it seems plausible that higher disas-
sembly forces may be associated with a “tighter fit” between 
components. This tighter fit could reduce fretting of the head 
and trunnion interface and thereby prevent micromotion. 

Few investigators have evaluated the effect of debris, 
especially blood and fat, on taper strength. Therefore, we 
conducted a study to determine the effect of biological 
debris, specifically blood and fat within the taper interface of 
a modular hip prosthesis, on taper disassembly forces.

MAteriAls And Methods
In this study, we used 14 modular titanium alloy taper 
assemblies (Smith & Nephew, Memphis, Tenn) with cobalt 
chrome alloy heads. These tapers have the same titanium 
alloy and the same tolerances and specifications used in 
the stems of hip implants. The tapers were divided into 3 
groups. Group 1 tapers (n = 5), used as received from the 
manufacturer, had clean interfaces. Group 2 tapers (n = 5) 
had their interfaces covered with blood and fat to simulate 
intraoperative conditions (a drop of human blood was placed 
on the surface of each taper, and the taper was rotated 360° 
in a small container containing human adipose tissue). 
Group 3 tapers (n = 4) were prepared in the same manner 
as group 2, but the blood and fat were then wiped off (a 
4×4-inch surgical gauze was wiped 360° 3 times around the 
taper surface).

A drop tower was used to standardize the impaction force 
during assembly of all tapers. The drop tower consisted of 
a 15-pound weight that slid down a shaft. The weight hit 
a polyethylene impactor tip placed over the femoral head. 
The impact of the weight simulated a typical blow with a 
mallet during hip arthroplasty. The impaction force was 
calculated experimentally. Eight orthopedic surgeons and 
residents simulated impaction by hitting a transducer with 
an impactor and a mallet. The transducer recorded the peak 
force of the impact through the impactor during a mock 
impaction. Eight surgeons and residents repeated the pro-
cedure 5 times each. The mean peak impaction force was 

calculated and recorded for each surgeon. From these data, 
the mean impaction force for all the surgeons and residents 
was calculated. The drop tower impacted all 14 assemblies 
based on the calculated mean force from the 8 surgeons 
and residents.

Disassembly forces were examined by using a mechani-
cal testing system (MTS; MTS Systems, Eden Prairie, 
Minn) to remove the heads from the stems. With a com-
puter with analog-to-digital board, the MTS measures and 
records pullout forces. The MTS removed the heads at a 
constant displacement speed of 0.05 mm/s, as suggested by 
ASTM (American Society for Testing and Materials) stan-
dard 1636.15 All 14 tapers were impacted and disassembled 
5 times each. The force needed for each disassembly was 
recorded as the datum.

Analysis
A 3×5 analysis of variance (ANOVA) was used to deter-
mine if there would be a difference between pulls (trials) 
within each group. The first factor, Group, had 3 levels: 1 
(clean taper interfaces), 2 (blood and fat covered), and 3 
(blood and fat wiped off). The second factor, Pull, had 5 
levels. To determine if there would be a difference between 
groups collapsed over all 5 pulls, we analyzed the main 
effect of group from the omnibus test. As necessary, fur-

Table. Mean Disassembly Force (Newtons) 
Over 5 Pulls (Trials) for Each Taper by Group
 
Group Taper No. Mean SEM

Clean 1 1156  55.70
Clean 2 1280  44.66
Clean 3 1728  55.34
Clean 4 1103  74.12
Blood & fat 5   765 374.58
Blood & fat 6   546 260.35
Blood & fat 7 1135 300.75
Blood & fat 8   833 114.69
Wiped 9 1195 106.76
Wiped 10 1451  66.61
Wiped 11 1773 165.71
Wiped 12 1588 102.30

Abbreviation: SEM, standard error of the mean.

Figure 3. Group 3 (wiped tapers), disassembly forces over pulls 
1 through 5.

Figure 2. Group 2 (blood- and fat-covered tapers), disassembly 
forces over pulls 1 through 5.
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ther decomposition of the data would be completed using 
follow-up tests, such as contrasts, and main effects would 
be completed through multiple comparisons using the least 
significant difference method. Statistical significance was 
set at P <.05.

results
The mean impaction force for the surgeons and residents was 
1633 Newtons (SD, 422 N). The mean impaction force for 
the drop tower over 10 pulls was 1706 N (SD, 73 N). The 
first group 1 (clean) taper and the first group 2 (blood and 
fat) taper were eliminated because the jig had come off dur-
ing disassembly, so each group ended up with 4 tapers. The 
mean disassembly force for each taper within each group is 
presented in the Table.

The global ANOVA showed that there was a Group × Pull 
interaction (F8,36 = 3.79, P = .003, power = .97), so simple 
effects were evaluated for each group across the 5 pulls to 
determine if there was a difference between pulls. There was 
no difference in mean disassembly force between pulls with-
in group 1 (F4,12 = 2.06, P = .15) and within group 3 (F4,12 
= 0.71, P = .60), but there was a difference between pulls 
within group 2 (F4,12 = 6.13, P = .006). Mean disassembly 
force was significantly higher in pull 1 than in pull 2 (P = 
.008), pull 3 (P = .03), and pull 4 (P = .04). Individual taper 
results over the 5 pulls are presented in Figures 1 to 3. As 
noted in Figure 2, pull 5 of taper 7 within group 2 appears 
to be an outlier. Thus, the lack of a difference in mean dis-
assembly force between pulls 1 and 5 may be attributed to 
error in pull 5 of taper 7.

Simple effect tests were also conducted to see if there 
were any differences between groups within each pull. There 
was no difference in mean disassembly force between groups 
within pull 1 or within pull 5, but there was a difference 
between groups within pull 2 (F2,11 = 10.50, P = .004), pull 3 
(F2,11 = 17.85, P = .001), and pull 4 (F2,11 = 6.62, P = .017). 

Post hoc analysis (Tukey honestly significant difference 
test) was done to assess for differences in mean disassembly 
force between groups within pulls 2, 3, and 4 (Figure 4).

discussion
In this study, the clean tapers and the tapers wiped of 
blood and fat had the highest mean disassembly forces. 
Moreover, there was no difference in mean disassembly 
force across each of the 5 pulls for both the clean tapers and 
the wiped tapers. As theorized, the tapers with blood and 
fat required lower disassembly force immediately after the 
first assembly–disassembly cycle. Although an outlier was 
apparent in the data, the pattern of lower disassembly force 
after pull 1 held constant over repeated measures in the 
group in which blood and fat contaminated the interfaces. 
Thus, our data show that preparation of the taper surface 
can affect taper interface strength during repeated assembly 
and disassembly.

As expected, there was no difference in mean disassembly 
force between groups within pull 1. By pull 2, mean disas-
sembly force was much lower for the tapers with blood and 
fat than for the clean tapers and the wiped tapers. When bio-
logical debris (eg, blood, fat) contaminates taper interfaces, 
the inherent stability of the Morse taper and resistance to 
forces can be compromised. These results may have strong 
implications regarding need for revision secondary to in vivo 
disassembly of the trunnion and bore.

Pennock and colleagues14 evaluated the mechanical 
strength of 4 different tapers with surfaces that were wet 
(with water or bovine solution) or dry. They found that 
mechanical strength changed over repeated assembly and 
disassembly under wet conditions (water or bovine solu-
tion exposure) and varied by manufacturer (tapers from 
different manufacturers behaved differently when contami-
nated with water or bovine solution). Along the lines of 
our finding that clean tapers and wiped tapers had the most 
mechanical strength, Pennock and colleagues noted that a 
much higher disassembly force was required for dry tapers 
than for wet tapers.

Fessler and Fricker13 studied the effect of saline solution 
and blood on the coefficient of friction at the taper interface. 
They reported that neither distilled water nor blood had a 
significant effect on the coefficient of friction between an 
aluminum head and a titanium or cobalt alloy trunnion. The 
coefficient of friction at the interface between a metal head 
and a metal spigot did not change significantly after dis-
tilled water or Ringer solution was applied to the interface. 
In contrast to our study, the effect of blood on the interface 
between metal heads and metal spigots was not tested.

Cook and colleagues15 reported on the effects of blood 
and fat on the torsional resistance of a sleeve-stem hip sys-
tem. Although the design dimensions of this system differ 
from those in our study, the interlocking parts did consti-
tute a Morse taper. Despite differences in our mechanical 
designs and constructs, there was a similar finding in our 
studies—a significant decrease in torsional resistance when 
blood and fatty tissue contaminated the interface.

Figure 4. Mean disassembly forces over pulls 1 through 5 by 
group (group 1 = clean tapers, group 2 = blood- and fat-covered 
tapers, group 3 = wiped tapers). *Disassembly forces in group 
2 significantly lower than disassembly forces in group 1  (P = 
.006) and group 3 (P = .013). **Disassembly forces in group 2 
significantly lower than in group 1 (P = .007) and group 3 (P = 
.001). †Disassembly forces in group 2 significantly lower than in 
group 3 (P = .016).

* †
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The obvious limitation of our study is its sample size. 
With a small sample, there is less generalizability to the 
overall population. Sample size negatively affects power 
and subsequent error. Thus, we risked committing type II 
error in our design. Another limitation is that we used only 
one type of prosthesis. Given their variations in design, 
different manufacturers’ prostheses may have different dis-
assembly forces. We recommend not only that much larger 
studies be conducted but also that they compare different 
manufacturers’ prostheses. Moreover, studies should evalu-
ate potential contaminants individually (ie, blood only, fat 
only) and not as we did in this study (in combination). 
Doing so will aid in differentiating the true effect of bio-
logical debris rather than a combination effect.

Presumably, absence of biological debris will yield a 
tighter fit between interfaces, and thus much higher forces 
will be required to disassemble the hardware. Outcomes of 
a tighter, stronger fit could be decreased micromotion and 
fretting of the taper interface over the long term. Repetitive 
in vivo cyclic loading may contaminate some of our single-
blow analysis. We think that some of the recently published 
fluoroscopic data have a pool component on the swing phase 
of the gait in which a ball–socket separation perhaps creates 
suction that may limit some of the compressive forces.7,9,11 
The implication would be longer prosthetic life and, poten-
tially, a decreased revision rate. We recommend that, during 
THA, surgeons make an effort to keep taper surfaces free of 
debris. Furthermore, before initial assembly, taper surfaces at 
the very least should be cleaned with surgical gauze. 

conclusions
Many variables can affect the disassembly force of the Morse 
taper. The inherent strength of the taper can be affected by 
impaction force, number of assembly–disassembly cycles, 
and wet/dry conditions. From our study results we conclude 
that, over multiple assembly–disassembly cycles, such as 
those encountered in revision surgeries, or in cases in which 
the surgeon initially impacts the incorrect head size, blood 
and fat contamination can have a profound effect on the 
potential for disassembly.
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