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Abstract
Introduction Periprosthetic fractures after cemented hip
replacement are a challenging problem to manage. Biome-
chanical studies have suggested the beneWt of using locking
screws for plate Wxation, but there are concerns whether
screws damage the cement mantle and promote crack prop-
agation leading to construct failure.
Method In this biomechanical study, diVerent screw types
were implanted into the cement mantle after pre-drilling
holes of diVerent sizes, in unicortical and bicortical conWg-
uration. The presence of cracks and the pull-out resistance
of these screws were then evaluated.
Results No unicortical screw induced cracks. Screws with
a shortened tip, smaller Xutes and double threads were sig-
niWcantly better for pull-out resistance. Bicortical screws
were associated with a risk of local cement mantle damage,
but also with a signiWcantly greater holding power. By
increasing the drill diameter, the onset of cracks decreased,
but so does the pull-out resistance.

Keywords Locking screws · Periprosthetic femur 
fracture · Bone cement · Pullout · Loosening

Introduction

Periprosthetic fractures are a serious complication after
hip replacement and are the third most common reason for
revision surgery after aseptic loosening and infection [1].
Minor trauma, such as a fall to the Xoor, is the most com-
mon cause after primary hip replacement [1], and the
cumulative fracture risk lies between 1.0% for primary
and 4% for revision total hip replacement [2, 3]. There is a
rising incidence of such fractures due to the increasing
lifespan of patients and continuing growth in numbers of
primary and revision hip replacements being performed
[4].

Surgical treatment can be either osteosynthesis with or
without allograft bone augmentation and/or revision of the
prosthesis depending on the position of fracture, implant
stability and/or bone loss [3, 5–10]. There is a high rate of
failure after periprosthetic fracture, due to malunion, refrac-
ture and stem loosening [11] and dislocation [12]. Biome-
chanical studies have shown that the internal Wxation
construct is more rigid if screws are used in the area of the
stem for plate Wxation instead of the traditional cables [13–
15]. However, there are concerns that screws, penetrating
the cement mantle, cause cracks which eventually lead to
loosening of the construct [13–15].

The aim of this biomechanical study was to examine the
eVect of diVerent screw implantation techniques on the
integrity of the local cement mantle and the Wxation
strength of the screw. DiVerent kinds of locking screws,
LCS (Synthes, Oberdorf, Switzerland) and NCB (Zimmer,
Warsaw, IN, USA), with or without a Xattened tip, were
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implanted in unicortical and bicortical conWgurations and
diVerent core drill sizes were used.

Methods

In order to simulate screw implantation in a cement mantle
next to the stem of a hip arthroplasty, a 316-stainless steel
rod, with an outer diameter of 12 mm, was implanted in the
centre of a clear acrylic tube. The tube had an inner diame-
ter of 24 mm and a wall thickness of 3.2 mm (Fig. 1a). The
tube with a central guide screw was Wlled with vacuum
mixed Palacos R+G bone cement (Heraeus, Wehrheim,
Germany), and the steel rod was implanted over the central
guide screw, leaving an equal 6 mm mantle. A lid was used
to centre the top end of the rod in the acrylic cylinder and to
pressurize the cement. For preventing the adherence of the
cement onto the inner wall of the tube, a thin layer of high

temperature silicone grease was applied. A custom made
drill guide (Fig. 1b) was used to standardize the position of
the drill holes (unicortical, bicortical, diVerent drill sizes),
and three drills of diVerent diameter have been used. A
4.3 mm drill (manufacturer’s recommendation for the
screw) was used as well as a 4.5 mm surgical drill (Synthes,
Oberdorf, Switzerland) and a 4.8 mm standard mechanical
drill. This amounted to an over drilling of the core diameter
by ¡0.1, 0.1 and 0.4 mm. In one group, a tap was used
additionally to the 4.3 mm drill. The drill was powered into
the cement until its tip reached the metal tube or it pene-
trated the other side of the acrylic tube. Three diVerent
types of screws, all with a core diameter of 4.4 mm and an
outer diameter of 5.0 mm, were used: locking head screws
(LHS; Synthes, Oberdorf, Switzerland), periprosthetic
locking screws (PPLS; Synthes, Oberdorf, Switzerland)
and locking bolts for the non-contact bridging plate (NCB;
Zimmer, Warsaw, IN, USA) (Fig. 2a). These screws were
inserted unicortically and tightened with 4 nm using a
torque wrench. An additional series of periprosthetic NCB
screws (ppNCB) was tested with 2.5 mm oV the tip
removed to evaluate whether a Xat tip would alter the pull-
out resistance of these screws. The NCB screws were also
tested bicortically (bNCB) as the NCB allows multidirec-
tional (and hence bicortical) screw insertion.

Only new screws were used for each test. Each combina-
tion of drill and screw was tested eight times as this was the
minimum number of test required regarding our power
analysis.

The onset of cracks in the cement mantle was carefully
monitored after drilling, tapping and screw insertion. The
clear acrylic tube was then removed, and micro-cracks were
quantiWed in numbers and length using a micrometre. Addi-
tionally, the inner cement integrity was examined using an
arthroscope, following removal of the steel rod (Fig. 2).

The pull-out strength on the screws was measured using
a universal testing-machine (Z020; Zwick/Roell, Ulm,
Germany) and corresponding software (testXpert V10.11).
The test setup was similar to the one previously described
[16]. A custom made tool was created to encompass the
head of the screw, while a custom designed frame, intro-
duced into the steel tube, was used to Wxate the cement
tube against the axial pulling forces (Fig. 2b). The speed of
the inclinator was 5 mm/min after applying 10 n of pre-
load. The failure point was deWned as the point prior to a
sudden inXection in the curve of holding resistance due to
loss of Wxation.

Data were collected using Excel (Microsoft). The
Mann–Whitney test was used to analyse diVerences in
the pull-out strength, the Fisher exact test was used for the
onset of cracks after screw implantation using SPSS 15
(SPSS, Chicago, IL, USA) with statistical signiWcance as
P < 0.05.

Fig. 1 a A centred stainless steel rod within a clear acrylic outer tube
simulated a prosthetic stem in a femur bone. The gap in between was
Wlled with cement to simulate cement around a stem. b The drill guide
for unicortical (1) and bicortical (2) drill holes
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Results

Crack onset after screws insertion

Crack development could not be seen following the drilling
of all drill diameters and conWgurations or after unicortical
screw insertion. Cracks did occur during the implantation
of bicortical screws or taps. These cracks were noted lateral
to the screw in the cement mantle at the entry and at the exit
hole of the screws, but in most cases (76.9%) the entry and
exit hole were connected by the crack. By using a larger
drill diameter (4.5 mm), the risk of crack occurrence was

reduced from 62.5 to 37.5% and to 25% after drilling with a
4.8 mm drill (Fig. 3). While crack onset was reduced, the
average crack length was similar; 10.82 (4.3 mm drill), 9.02
(4.5 mm drill) and 8.3 mm (4.8 mm drill).

In one tube, which could not be used for pull-out tests
due to inhomogeneous cementation on the outside of the
tube (air bubbles), the central metal rod was removed.
Using the arthroscope, the penetration of the unicortical
screws could be seen to be completely through the cement
mantle. Small localized cracks were noted around the tip
of the screw in some cases. Although the precise crack
length could not be measured inside this hole, it never
exceeded the diameter of the screw (Fig. 4a, b). In areas
where a bicortical screw bypassed the stem, a white spot
was noted. In some cases, the screw threads were visible,
but no cracks larger than the diameter of the screw were
found (Fig. 4c, d).

Pull-out forces of diVerent screws with standard drill sizes

A typical load/displacement curve is shown in Fig. 5. In
general, the NCB screws showed a signiWcant higher
pull-out force than the LCP screws. Furthermore, the Xat-
tipped NCB screw (ppNCB) showed a statistically sig-
niWcant higher pull-out resistance than the standard NCB
screw. Equally, the Xat-tipped PPLS has higher resis-
tance than the LCP. The median pull-out resistance of a
bicortical implanted NCB screw (bNCB) was nearly dou-
ble the median of the best unicortical screw (P = 0.002)
(Fig. 6).

Fig. 2 a The four diVerent tested screws; locking head screw: LHS
(1), NCB screw: NCB (2), periprosthetic locking screw: PPLS (3) and
periprosthetic NCB screw: ppNCB (4). b Setting for the pullout test of
a unicortical screw

Fig. 3 Onset of cracks after bicortical screw implantation of the NCB
screw in dependence of the drill size. N = 8 for each drill size. Al-
though obvious diVerences in crack formation between diVerent drill
sizes a noted no signiWcance could be calculated
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Pull-out forces with diVerent drill sizes

Figure 7 summarizes pull-out resistance. Each Weld repre-
sents a type of screw. The special focus was on bicortical
screws, as an increasing drill diameter reduces the onset
of cracks. Increasing the drill size from 4.3 to 4.5 mm
decreased the pull-out resistance by 23.6% (P = 0,043).
Increasing the drill size to 4.8 mm reduced the resistance
by 81.5% (P = 0,001). Tapping neither inXuenced the
pull-out resistance nor reduced the likelihood of cracks
forming.

The inXuence of cracks to the pull-out resistance was
also investigated: A crack of the lateral wall had no inXu-
ence on pull-out force of bicortical screws.

Discussion

Plates and intramedullary nails with and without bone
grafting have been used as treatment options for osteosyn-
thesis of periprosthetic femur fractures [17]. In early clini-
cal studies, compression plates with screws implanted next
to the femoral stem have shown promising results [18, 19],
and recently biomechanical studies have demonstrated the
beneWts of locking plates [13–15]. Nevertheless, these studies

Fig. 4 Arthroscopic views 
inside the cement mantle after 
removal of the inner metal tube. 
a Tip of the LCP screw; b tip of 
the PPLS; c white spot close to 
the area where a bicortical screw 
bypasses the stem; d open 
threads and smaller cracks in an 
area where a bicortical screw 
bypasses the stem. This was the 
largest damage which was seen 
from inside the cement mantle

Fig. 5 Typical force/travel curve of a NCB Screw

Fig. 6 Pull-out forces (N) of diVerent screws after drilling with
4.3 mm drill. Boxpolts show median, quartile and min./max. n = 8 for
every combination. SigniWcant diVerences are marked
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focus on union of the fracture, and long term follow up
looking at loosening of the stem has not been reported.

There are many factors such as patient age, bone quality,
fracture pattern, cementing technique, stem design and type
of osteosynthesis that inXuence the survival rate of the con-
struct after periprosthetic fracture Wxation. In this study, we
investigated the cement mantel damage after screw implanta-
tion. Preliminary tests had shown a high rate of fractures in
the cement, therefore we investigated whether a larger drill
diameter could prevent the cement from cracking. The test
cylinder was developed to simulate and standardize a cement
mantle with a constant thickness around a stem (rigid metal
cylinder). The outer acrylic plastic cylinder added stability
and compression to the cement, while the holes were drilled
and the screws implanted. Because the cylinder was transpar-
ent, the onset of cracks could be monitored.

We have shown that no cement damage occurs by insert-
ing screws in unicortical conWgurations, but cement was
damaged by implanting screws in a bicortical conWguration.
A larger drill diameter reduces this risk of cement mantle
cracks but also reduces the pull-out resistance. The diVer-
ence between a 4.3 and a 4.5 mm drill is not signiWcant.

The diVerence in pull-out resistance diVers between the
screw designs. The LHS screw has single threads, three
wide cutting Xutes of 5.5 mm length and partial threads
starting from 3.1 mm from the tip. The PPLS screw has the
same core diameter of 4.4 mm, an outer diameter of
5.0 mm and single thread windings with a distance of

1.0 mm. The tip is Xatted, the cutting Xutes are only 3.1 mm
long and Wrst partial threads start already at 1.3 mm from
the tip. Both screws are made of titanium. In a cement man-
tle of 6 mm, the diVerence in the number of full threads in
the cement is 2.9 (PPLS) to 0.5 (LHS). The design of the
NCB screw diVers from the LHS in having smaller Xutes
and a double thread winding. In tests with ppNCB, the peri-
prosthetic NCB screw was produced by Wling oV 2.5 mm of
the tip, which we could show a signiWcant improvement in
pull-out resistance.

Other studies have focused on the tip design of self-tap-
ping screws and could not Wnd a reduced pull-out force or
worsening of the lateral cortex by implanting screws with
shorter Xutes into femoral bone of human cadavers. In this
study, screw tips with four Xutes appear to be the ideal
combination of low insertion torque and high pull-out force
[16]. Following this, a screw design with a double thread, a
short tip with four Xutes would theoretically be a good
compromise for unicortical screws, inserted next to a pros-
thesis stem.

The bicortical implanted bNCB had the most threads of
all screws in the cement, showing by far the highest pull-
out resistance, but also has a higher risk of damaging the
cement mantle. Increasing the drill diameter from 4.3 to
4.5 mm reduces the onset of cracks and still leaves a 1.8
times higher pull-out strength than the unicortical screw.

There are limitations of this study. All tests were per-
formed on cement without cortical bone surrounding it.

Fig. 7 Pull-out forces (N) 
depending on drill size in mm 
and type of screw used for 
implantation. Boxpolts show 
median, quartile and min./max. 
n = 8 for every test setup. Sig-
niWcant diVerences are marked
123



632 Arch Orthop Trauma Surg (2010) 130:627–632
Only direct pull-out forces were evaluated, while shear
forces and rotational forces were excluded in this test set-
ting. Further studies are planned to investigate what inXu-
ence the screw damage to the mantle has on the initiation of
loosening of these constructs.

In conclusion, unicortical screws can be implanted with-
out damaging the cement. Bicortical screws have higher
pull-out resistance but increase the risk of cement mantle
damage. There is no beneWt in tapping into cement. For
implantation of bicortical screws, a 4.5 mm drill should be
considered.
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