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Background: The global prevalence of obesity is increasing, with a corresponding rise in the proportion of
overweight and obese patients undergoing total hip arthroplasty (THA). Although modern high-strength
super alloys have reduced the incidence of femoral stem fatigue fractures to between 0.23% and 10.7%, this
complication persists. Excessive body mass increases the bending moment acting on the prosthesis,
particularly in cases with inadequate proximal medial calcar support, leading to cantilever bending and

potential structural failure.

Objective: This study aimed to identify manufacturer-imposed weight restrictions for the most frequently
utilized cemented and uncemented femoral stem implants in the United Kingdom, as identified by National

Joint Registry (NJR) data.

Key Points: Data from the NJR 1oth Annual Report identified the five most common cemented and
uncemented stems. Manufacturer inquiries revealed that only the Corail size 6 uncemented stem has a
formal weight limit (60 kg). Literature review indicates that fatigue fractures are frequently associated with
high body mass index (BMI >25 kg/m?), the use of undersized stems in obese patients, and modular neck-
stem junctions. High nitrogen stainless steel (HNSS) stems appear more susceptible to fatigue than cobalt-
chrome alloys. Mechanical failure is often propagated by a combination of patient weight, increased offset,

and loss of proximal osseous support.

Conclusion: Most common femoral stems lack formal manufacturer weight restrictions despite a clear
clinical association between obesity and fatigue failure. Surgeons should prioritize achieving optimal
proximal femoral support and consider avoiding small-diameter or high-offset modular stems in

overweight populations to mitigate fracture risk.
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The World Health Organisation (WHO) suggests obesity to affect 200 million men and 300 million women
worldwide . Obesity is defined per body mass index (BMI), with a patient being classified as overweight with a
BMI of >25Kg/m2, obese with a BMI >230Kg/m2 and morbidly obese with a BMI 240Kg/m2 @), Currently, in the
UK, 26.1% of the adult population are thought to be obese(®). This figure is expected to rise to 60% of adult men
and 50% of adult women by 2050(4). The NJR has reported an increase in the number of THR’s being performed

in patients with a BMI between 25 Kg/m2-44 Kg/m2 from 69% in 2004 to 79% in 2012 (5). The rising incidence of

obesity has led to an increase in the number of overweight/obese patients undergoing an elective THR surgery.

Failure of a THR due to fatigue fracture of the femoral stem is a rare complication. Its incidence varies between
0.23% and 10.7% ©). 1t was more commonly seen with the traditional forged stainless steel or cast cobalt chrome
implants due to their relatively low fatigue strength and defects in their crystalline lattice microstructure (7) (8) (9)
(10) (11) (12) (13) The introduction of the high strength ‘super alloys’ including forged cobalt chrome, high nitrogen
stainless steel (HNSS) and titanium-6-aluminium-4-vanadium alloy has resulted in a significant decrease in the
incidence of stem fractures. However, although uncommon, fatigue fractures of these modern alloy stems have
still been reported (14) (15) (16) (a7) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) Qe factor thought to be important in such

fatigue failure is excessive patient weight leading to an increased bending moment acting on the stem.

Medico-legal cases against doctors are also increasing (28) Therefore in a health system where the average weight
of the population is increasing and doctors are being held more frequently accountable for treatment failure,
clarity is required regarding any restrictions placed on the use of implants, based on patient weight. The aim of
this study was to identify any restrictions placed on the commonly used femoral stem implants, by the

manufacturers, based on patient weight.

The NJR (5) was used to identify the five most commonly used cemented and uncemented femoral stem implants
in the UK. The manufacturing companies responsible for these stems were contacted and asked to provide details

of any weight restrictions on these implants.

The only femoral stem to have a restriction placed on it, based on patient weight, is the Corail size 6 femoral stem,
which has a weight restriction of 60Kg (Tables I (A+B) and II (A+B)).
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Femoral stem brand

Maunfacturing compagny

EXETER V40 STEM Suryker*
CPT STEM Zimmer*

C STEM AMT DePuy*

C STEM DePuy*
CHARNLEY STEM DePuy*

*Stryker Corporation, Michigan USA*Zimmer, Warsaw, Indiana USA*DePuy Orthopaedics, Warsaw, Indiana USATable
IA: The five most commonly used cemented femoral stems as published in the NJR 10th annual report.

Femoral stem brand Prosthetic material resvtiigtlil(:ns
EXETER V40 Stainless Steel None
CPT Cobalt Chrome None
C STEM AMT Stainless Steel None
C STEM Stainless Steel None
CHARNLEY STEM Stainless Steel None

Table IB: Materials and weight restrictions related to the five most commonly used cemented stems.

Femoral stem brand Maunfacturing compagny
CORAIL DePuy!
FURLONG JRI?
ACCOLADE Stryker?
TAPERLOC CEMENTLESS Biomer?
M/L TAPER Zimmer®

1DePuy Orthopaedics, Warsaw, Indiana USA - 2JRI Orthopaedics, Yorkshire UK - 3Stryker Corporation, Michigan USA -
4Biomet Inc., Warsaw, Indiana USA - 5Zimmer, Warsaw, Indiana USATable ITA: The five most commonly used
uncemented femoral stems as published in the NJR 10th annual report.
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Weigl
Femoral stem brand Prosthetic material e,lg,lt
restrictions
. . o 60 Kgon the size 6
CORAIL Titanium ED M et
FURLONG Titanium None
ACCOLADE Titanium None
TAPERLOC Titan; N
CEMENTLESS itanium one
M/L TAPER Titanium None

Table IIB. Materials and weight restrictions related to the five most commonly used uncemented stems.

Fatigue fracture of the femoral stem is thought to occur as a result of patient and mechanical factors. Patient
factors include excessive patient weight and activity levels? (10) (14) (15) Mechanical factors include undersizing
and varus malpositioning of the implant ) (15), surface damage or defects in the crystalline lattice microstructure
of the implant (12) (14) (6) znq loosening and loss of the proximal medial calcar support (11) (14) (29) resulting in

cantilever bending of the implant. The implant geometry and prosthetic materials also play a significant role ©) (@),

The most commonly used cemented implant in the NJR is the Exeter V40 stem. The excellent clinical results from
this polished tapered stainless steel implant are well recognised, with a 97.8% survivorship at 10 years (39) and
93.5% survivorship at 34 years considering aseptic loosening as the end point (31), The original Exeter stem
(1970-1976) was made from 58] stainless steel and had a fracture rate reported at 3% (32) 1976, the matt finished
stem was introduced. Here the fracture rate was reported to be between 2-11% (13)(33) 1 an attempt to strengthen
the stem, the prosthetic material was changed to wrought HNSS (Orthinox, Stryker BG, Caen, France) in 1983. In
order to reduce the endosteal lysis associated with particulate debris from the matt finish stem, the taper polish

design was re-introduced in 1986.

Jacco Van Doorn et al (7 first reported a fracture involving the HNSS Exeter V40 stem in a 52 year old 70 Kg
female, who had undergone an impaction grafting revision 3.4 years prior to the stem fracture. They suggested
loss of proximal support with good distal fixation led to a large moment arm acting on the prosthesis therefore
resulting in fatigue failure. Yates et al (14) reported on 14 cases of fracture of HNSS stems (5 Exeter V40, 8 CPT
AND 1 C Stem), all of which involved patients with a BMI >25Kg/m2 (25Kg/m2-49Kg/mz2). They suggested heavier
patients with small femoral canals and poor proximal support were the main risk factors for stem fracture.
Davies et al %) reported on 4 fractures involving the Exeter V40 stem. Again all patients were overweight with a
BMI >25 Kg/ma2. Similarly, small stems in obese patients and loss of the proximal support were thought to be key
factors in the failure mechanism. There are further reports of stem fractures in obese patients involving the
HNSS Exeter V40 stem (19) and interestingly the Exeter cement in cement revision stem (20) The cement in

cement revision stem is a short stem with a 44mm offset and in the case in question was noted to have good
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proximal support. Fatigue failure secondary to an increased bending moment as a result of the patient’s excess

weight was again suggested to be the cause of failure.

Fractures involving the HNSS CPT, Charnley and C stems are also documented (14) (21) (22) (23) (24) (25) 1 g]1 cases
excessive weight leading to increased cantilever bending were identified as a principle causative factor for the
stem failure. The use of smaller stems in obese patients is an area of particular concern. Wright et al (21) reported
on two cases of fracture of the HNSS congenital dysplasia of the hip (CDH) C-stem in patients both with a
BMI>25Kg/m2. Increased loads were identified as a principle factor in the failure mechanism. It was thus
recommended that the use of the CDH stem should be avoided where possible, but if it was to be used, particular
attention to the patient’s weight should be made. Furthermore, Raj et al (25) reported a case of stem fracture
involving a size 0 HNSS CPT stem in a female patient with a BMI of 33.9Kg/m2. Again excessive weight was
thought to be a major factor contributing to the stem failure and it was recommend a size o CPT stem should be

avoided in overweight patients.

It is interesting that there are currently no restrictions on the use of any of the above HNSS stems, including the
smaller CDH stems, based on patient weight, as clearly there is a risk of stem fracture in the heavier patients
particularly when the smaller stems are used. Indeed, the packaging to the smaller Exeter V40 stems (30 and 33
mm offset stems) states a maximum offset of +4mm. Thus, although there are no formal weight restriction on this
prosthesis, the offset options are limited to only the +4mm offset. Therefore, it is clear that even with small
increases in offset, there is a significant increase in the risk of stem fracture as a result of an increased bending
moment. In an attempt to reduce the stem fracture risk, Zimmer (Warsaw Indiana) moved away from the use of
HNSS to the stronger cobalt chrome molybdenum alloy as the prosthetic material of choice for the CPT stem in
2003. Finer grain size and high degree of chemical homogenicity are thought to be the main factors responsible
for the increased fatigue strength observed with forged cobalt-chromium alloy compared with HNSS alloy (64)
their product information sheet for the stainless steel CPT stem they recommended that “young, heavy patients
and those who engage in high physical activity levels are not suitable candidates for the smaller sized femoral
prosthesis.” (35) They also state that patients with a weight >102Kg or those with higher activity levels are more

likely to incur complications in any of their total hip prosthesis.

Of the five most common cemented stems documented in the NJR, the CPT is currently the only stem to be
manufactured from cobalt chrome alloy. Although the increased fatigue strength provides a reduced fracture rate,
fatigue fracture this CPT stem has been documented, albeit in the revision, impaction bone graft setting (26),
Again, excessive weight in combination with loss of proximal support leading to increased cantilever bending was

one of the proposed mechanisms of failure.

The use of an uncemented femoral component enables the femoral canal to be filled with a larger diameter
component, thereby theoretically reducing the fracture risk. However, fatigue fractures particularly involving
smaller stems in heavier patients have again been reported. The JRI-Furlong hydroxyapatite ceramic (HAC) -
coated femoral stem is manufactured from wrought titanium alloy and as illustrated in the 10th annual report of
the NJR, is one of the five most common uncemented implants used in the UK in 2012 (5). Reports of fracture of
this uncemented femoral stem have been documented (36) (37) (38). Again, all fractures involved patients with a
BMI >25Kg/ma2 and all fractures occurred in the smaller size 9 or 10 stems. Retrieval studies demonstrated no
attributable abnormality, therefore suggesting fatigue failure and cantilever bending to be the likely cause of
fracture (36) (38). This led to suggestions that the smaller stems, particularly size 9, should not be used in obese

patients (38),

The femoral neck is subjected to high loads and stresses and an appropriately sized femoral neck is paramount to

the prevention of fatigue failure in this region. Vatani et al reported on 9 fractures through the neck of the
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prosthesis in 35 THR’s (39), They concluded all fractures were due to an inadequate confluent radius causing
abnormal transmission forces through the neck. In addition they demonstrated the greater the load, the greater
the fracture risk, thus suggesting the fracture risk to be greatest in men and heavy patients (39). 1n 2001, JRI
announced a change to the manufacturing process of the stem, increasing the radius between the neck and
shoulder of all femoral components. To our knowledge only one fracture involving the JRI HAC-coated Furlong
stem has been reported since this change (38),

In addition to the size of the femoral neck, modularity in the region of the neck (either the neck-stem or head-neck
region) represents another area of concern. Modularity allows for more accurate reconstruction of hip kinematics
in terms of version, offset and leg length independent of the position of the distal stem. However, retrieval studies
have demonstrated crevice corrosion and fretting to occur at the taper junction between the head-neck and/or
neck-stem modular junction (4) \which can lead to early failure and fracture of the neck. This degradative process
was greater at the neck-stem compared to head-neck junction and was suggested to be secondary to the increased
lever arm and thus increased mechanical stress in this region (49 At the proximal head-neck junction the taper
lies at the centre of rotation of the hip. Here high compressive and shear forces are experienced. However, at the
distal neck-stem junction the long moment arm produces a bending moment which exerts a tension force on the
lateral edge of the taper and a compressive force on the medial edge. These forces are increased further in a
patient with an extended offset, those with a retroverted neck (42) or those with increased weight. Indeed, studies
reporting fractures of modular femoral necks demonstrated the fracture to occur at the distal neck-stem junction
(42) (43), Both patients had a high BMI (25.6 Kg/m2 and 39.3 Kg/m2 respectively) and in both cases excessive

weight in combination with a long lever arm were thought to be the main causative factors (42) (43),

Mechanical failure at the modular junction is also a concern in the revision setting. Revision of a THR with a long
uncemented femoral prosthesis provides the surgeon with an option to bypass proximal deficiencies and achieve
fixation distally. The fixation options for these stems include distal, proximal or extensive stem fixation. If
proximal fixation is not achieved, increased cantilever forces will be placed on the stem increasing the risk of
fracture. The ZMR revision hip stem (Zimmer, Warsaw Indiana) is manufactured from titanium alloy, offers all
three fixation options and in 2003 its proximal taper body was withdrawn due to a higher than expected failure
rate 44). In 2011, Lakstein et al (45) reported six cases of mechanical failure of the ZMR stem. All patients had a
significantly higher BMI (25Kg/m2-34Kg/m2) than those who had not experienced mechanical failure of their
femoral component. Furthermore in all six cases a lack of proximal osseous support at the level of the junction

was demonstrated. They concluded stem failure was initiated by fretting at the body-stem taper junction and

propagated by a bending fatigue mechanism as a result of the excess weight and lack of proximal support (45),

There are currently no restrictions on any of the above uncemented stems with regard to patient weight, except
for that of the Corail size 6 CDH stem, which has a weight restriction of 60Kg. This stem has a short offset, is
designed to fit small, dysplastic femora and clearly is too small to withstand the bending moments and stress
exerted by patients of weight >60Kg. It is therefore interesting that there are no weight restrictions placed on any
of the other CDH stems, cemented or uncemented, especially considering the other uncemented stems are also

made from titanium alloy and the cemented options are likely to smaller in size.

One possible solution to this risk of stem fracture in overweight patients is to encourage exercise and weight loss

prior to THR surgery. Studies have shown exercise therapy to improve pain and function in patients with

osteoarthritis of the hip 46) Thus exercise and weight loss will not only help reduce the risk of stem fracture in

these patients but in some cases may alleviate the need for a THR altogether.
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Excluding the Corail size 6 uncemented femoral stem, there are currently no weight restrictions imposed by the
manufacturing companies on any of the five most common cemented/ uncemented femoral stems used within
the UK as documented by the NJR 10th annual report. However, there is clearly an association between excessive
patient weight and fatigue failure of femoral stem implants THR patients. Based on the current literature,
although the risk appears to be greater in those who have received a cemented component (particularly those
manufactured from HNSS as compared to cobalt chrome) the risk is evident with both cemented and uncemented
femoral stems. With the number of THR’s performed in obese patients increasing, we suggest avoiding, where
possible, the insertion of small stems (particularly cemented stems) and large offset stems (particularly those with
a modular neck) in overweight patients. Furthermore, good proximal support is essential to reduce the cantilever
bending forces acting on the stem. We therefore advocate particular attention is paid to achieving optimal

proximal femoral support when undertaking THR surgery, especially in overweight patients.
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