
In total hip arthroplasty (THA), the length of the femo-
ral component affects the stem alignment at the time of 
placement, early postoperative fixation, and fracture;1,2) 
however, the ideal stem length remains unknown, and in 
practice, different stem lengths are used in different cases 
or institutions.2)

The cementless tapered wedge stem can be crimp-
fixed to the proximal femur owing to its shape, and de-
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spite being smaller in volume than the conventional fit 
and fill-type cylindrical stem, it provides initial stability 
owing to appropriate mechanical loading on the femur.3) 
Comparative bone preservation has been achieved using 
cementless tapered wedge stems, and the risk of proximal 
stress shielding and periprosthetic fractures has also been 
reduced.4) In addition, excellent long-term survival results 
have been achieved; however, residual proximal stress 
shielding and femoral pain have been observed.5) 

Similar to the number of initial THAs, the number 
of revision THAs is also increasing,6) and the possibility 
of future revision THAs should be considered during the 
initial THA, especially in young and active patients. Con-
sequently, short stems that are less invasive to the femoral 
bone marrow cavity and more bone-sparing have been 
developed.7) Depending on the model, short stems are de-
signed to have a better fit in the proximal femur than the 
tapered-wedge type to reduce stress shielding and achieve 
a load distribution in the proximal femur that closely 
mimics the physiological distribution. Although short- 
and mid-term results are excellent,8) short-stem fixation 
has been associated with a lower initial fixation force ow-
ing to the small contact area and relatively high risk of 
postoperative fracture.9) 

Dorr classified femoral geometry into 3 categories, 
and the distribution of mechanical load in the femur af-
ter THA is also influenced by the patient’s femoral mar-
row cavity geometry. A mismatch between the size of 
the cementless tapered wedge stem and the shape of the 
proximal femoral medullary cavity is associated with poor 
prognosis.10) Short stems are no exception, especially Dorr 
type C with a wide femoral medullary cavity, which, to-
gether with poor bone quality, makes it difficult to obtain 
sufficient strength for initial stem fixation,11) resulting in a 
high incidence of fractures12) and stress shielding after bio-
logical fixation.13) 

Literature verifying whether a short stem length 
design reproduces the preoperative physiological stress 
distribution in the proximal femur is lacking.14) In addi-
tion, to determine the appropriate adaptation of the stem 

model, analyzing the stress distribution in the surrounding 
bone after the placement of each stem for different femo-
ral marrow cavity geometries is necessary. The existing 
short and tapered wedge stems should be used to obtain 
more realistic results. The tapered wedge-type Profemur 
TL (MicroPort Orthopedics) and the short stem-type 
Profemur Preserve (MicroPort Orthopedics) are artificial 
hip joint stems manufactured by the same company, and 
both have a diaphyseal end fixation. To our knowledge, no 
study has used finite element analysis to directly compare 
an existing tapered wedge stem with a short stem for dif-
ferent femoral marrow cavity geometries. The objectives 
of this study were to (1) compare the stress distribution 
in the preoperative femur with the Dorr classification of 
marrow cavity geometry with that of the tapered wedge 
and short stem in the early postoperative period and (2) 
compare the stress distribution in the surrounding femur 
of the short stem and tapered wedge stem for each medul-
lary cavity geometry.

METHODS
This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and approved by the 
Ethics Committee of Oita university (IRB No. 1650, ap-
proval date: October 18, 2019). Written informed consent 
was obtained from the clinical cases and femur patients 
used for modeling. 

Analytical Model
Finite element models were created, and finite element 
analyses were performed using HyperMesh (Altair En-
gineering Inc.) and LS-DYNA R11.1 (Ansys Inc.), re-
spectively. Femur 3-dimensional (3D) shape data were 
obtained by extracting only the femur from the computed 
tomography (CT) images and stacking them using the 3D 
modeling software RETOMO (BETA CAE Systems In-
ternational). Of the 26 cases and 29 joints that underwent 
THA for hip osteoarthritis due to acetabular dysplasia us-
ing MicroPort’s Preserve stem between August 2019 and 

Table 1. Clinical Characteristics of Each Case

Case Age (yr) Height (cm) Weight (kg) BMI (kg/m2) BMD (g/cm2) Dorr classification CFI

F1 59 159 48.0 19.0 0.802 A 5.82

F2 71 147 53.4 25.0 1.249 B 3.55

F3 62 148 65.0 29.7 0.650 C 2.99

BMI: body mass index, BMD: bone mineral density, CFI: canal flair index. 
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February 2023, 28 joints in 25 female patients, for whom 
postoperative CT imaging was available and consent forms 
were obtained, were included. The canal flair index (CFI) 
of each femur was measured and divided into 3 Dorr 
groups (Dorr A: 7 cases, B: 17 cases, and C: 1 case), from 
which 1 case was randomly selected. Patients’ age, height, 
weight, body mass index, and bone mineral density of the 
lumbar spine, along with CFI, are presented in Table 1. 
The post-THA radiographs of patients are shown in Fig. 1. 
Based on the CFI, each femur was designated as Dorr A, B, 
or C. The actual stem sizes used and their design drawings 
are shown in Fig. 2. 

The coordinate system of the femur was Bergmann’s 
coordinate system.15) The z-axis is the stem axis, the Y-axis 
is a straight line drawn from the back to the front passing 
through the origin, and the x-axis is a straight line passing 
through the origin and orthogonal to the Y-axis and Z-

axis. The femoral neck was sectioned along the stem shape 
using a 3D finite element model of the femur, and the stem 
was placed. The computer-aided design (CAD) data of 
MicroPort’s tapered-wedge type Profemur TL for the ce-
mentless stem and Preserve for the short stem were used. 
The appropriate size was selected using the ZedHip (Lexi 
Co., Ltd., Tokyo, Japan), tangent to the medial cortical 
bone line that outlines the medullary cavity. Finite element 
models of both stems were constructed based on the CAD 
data. In both model scenarios, the stems were installed at a 
stem height that did not cause any difference in leg length. 

The stems were placed in the intermediate posi-
tion, aligning the stem axis with the femoral bone axis and 
the stem neck axis with the femoral neck axis. The femur 

Table 2. Nodes and Elements of the Finite Element Model for Each 
Case

Case Stem type Node Element

F1 Preoperative 55,699 257,516

Short stem 58,176 268,095

Tapered wedge stem 56,438 259,797

F2 Preoperative 44,179 200,731

Short stem 44,512 199,599

Tapered wedge stem 43,861 197,471

F3 Preoperative 47,191 210,782

Short stem 44,855 197,861

Tapered wedge stem 48,956 218,434

A B CR

Fig. 1. Radiographs obtained after total hip arthroplasty. (A) Dorr A. (B) 
Dorr B. (C) Dorr C.
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and tapered wedge stem. (A) Profemur 
Preserve stem. (B) Profemur TL stem.21)



727

Hosoyama et al. Stress Distribution around Short and Tapered Wedge Stems in Femurs
Clinics in Orthopedic Surgery • Vol. 16, No. 5, 2024 • www.ecios.org

and stem models comprised 4-node tetrahedral elements 
with an element size of 2.0 mm; the number of elements 
and nodes for each model are presented in Table 2. In the 
finite element analysis, the load constraint condition of 
the femur was assumed to be walking (Fig. 3). The mate-
rial properties of the finite element models and the loads 
acting on the femur and stem are listed in Tables 3 and 4, 
respectively.16,17) 

The distal femur was assumed to be fully con-
strained. For the femur model, the volumes of interest 
(VOIs) were placed at the internal and external contact 
points of the stem based on Gruen zones (Fig. 4).18) The 
average values of the pre- and postoperative stress and 
strain energy densities (SEDs) of the elements included 
in each VOI were calculated. For the contact conditions 
between the stem and femur, the static friction coefficient 
and dynamic wear coefficient between the stem and sea 
surface bone and between the stem and cortical bone were 
set to 0.64 and 0.3, respectively.19) The load was assumed 
to increase linearly and reach a maximum value at 0.2 
seconds, and the calculations were performed using the 
implicit dynamic method.20) Mechanical parameters such 
as von Mises stress and SED were calculated.

RESULTS
The von Mises stress distribution and SED in the pre- and 
postoperative Dorr classifications are illustrated in Fig. 5. 
The patients were assumed to be in a walking condition 
with body weight at F1. For both Preserve and TL, the 

von Mises stress and SED were highest in zone 4 or zone 5 
and lowest in zone 1 or zone 7. All exhibited a mountain-
shaped distribution with similar results. Stress distribution 
and SED were similar for each Dorr classification system. 
In both stems, the postoperative von Mises stress and SED 
were lower than the preoperative values (p < 0.05). The 
von Mises stress and SED of the TL were higher than those 
of the Preserve. 

A comparison of the Dorr classifications is illustrat-
ed in Fig. 6. For both stems, the von Mises stress and SED 
were in the following order: Dorr C > Dorr B > Dorr A for 
zones 2 to 6 (p < 0.05). The rates of change in the von Mis-
es stress and SED are listed in Tables 5 and 6, respectively. 
The rates of change in the von Mises stress and SED tend-
ed to be smaller in zone 4 or zone 5 and larger in zone 1 or 
zone 7. They also tended to be smaller in the Preserve than 
in the TL; however, Dorr C exhibited the opposite trend. 
Excluding the results of zone 1 for Dorr B in the Preserve, 
the rates of change in the von Mises stress and SED tended 
to be larger for both stems in the following order: Dorr A 
> Dorr B > Dorr C. The rates of change in the von Mises 
stress and SED for Dorr B in Preserve tended to be larger 
than that for Dorr A in Preserve; however, the opposite 

Table 3. Material Properties (Linear Elastic Materials) Used in the 
Finite Element Simulations

Density  
(g/cm3)

Young’s modulus 
(GPa)

Poisson’s 
ratio

Cortical bone 1.8  17.5 0.3

Cancellous bone 0.8  10.0 0.3

Stem 4.4 113.0 0.3

Table 4. Load Acting on the Femur and Stem

Case X (N) Y (N) Z (N)

   F1 P1 254 –154 –1,079

P2 305 71.5  380

P3 –4.24 87.1 –437

   F2 P1 –282 –171 –1,201

P2 339 79.6 423

P3 –4.71 96.9 –487

   F3 P1 –344 –209 –1,461

P2 413 96.9 515

P3 –5.74 118 –59

P1

P2

P3

Hip
contact
forces

P2
Muscle
forces

P3
Muscle
forces

P1

Fig. 3. Loads applied to the finite element model during walking. The 
distal femur was assumed to be fully constrained, and the loading 
conditions were those of walking.21) 
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Fig. 4. Seven volumes of interest (VOI) 
based on Gruen zones.18) (A) Preoperative 
femur. (B) Profemur TL stem. (C) Profemur 
Preserve stem. A VOI was established 
based on Gruen zones.
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was observed for Dorr C. Table 7 presents the occupancy 
of both stems in relation to the femur, with Preserve hav-
ing a larger volume fraction than TL. The occupancy of 

Dorr C was 0.38 larger than that of Dorr A and Dorr B.

Table 5. Rate of Change of von Mises Stress in Profemur TL and Profemur Preserve

VOI
Profemur TL Profemur preserve

Dorr A Dorr B Dorr C Dorr A Dorr B Dorr C

Zone 1 –41.80 –22.70 –13.70 –30.00 19.90 –21.80 

Zone 2 –40.80 –20.70 –13.00 –34.30 –7.00 –12.60 

Zone 3 –25.20 –22.80 –10.20 –20.00 –23.80 –10.40 

Zone 4 –25.10 –20.90 –7.50 –17.10 –18.60 –5.50 

Zone 5 –22.60 –17.80 –8.00 –19.30 –17.00 –5.50 

Zone 6 –36.60 –19.90 –9.60 –28.50 –18.90 –12.50 

Zone 7 –34.20 –21.50 –7.10 –36.00 –33.50 –38.30 

Average –32.30 –20.90 –9.90 –26.50 –14.10 –15.20 

Values are presented as percentage (%).
VOI: volume of interest.

Table 6. Percentage Change in SED in Profemur TL and Profemur Preserve

VOI
Profemur TL Profemur preserve

Dorr A Dorr B Dorr C Dorr A Dorr B Dorr C

Zone 1 –72.90 –50.80 –37.70 –54.90  41.20 –46.40 

Zone 2 –65.20 –38.40 –25.70 –58.80 –31.20 –35.10 

Zone 3 –43.40 –40.00 –19.50 –37.00 –39.70 –21.10 

Zone 4 –43.40 –36.80 –14.00 –33.60 –32.60 –10.30 

Zone 5 –41.10 –32.70 –14.50 –37.60 –31.40 –13.90 

Zone 6 –62.20 –36.30 –19.80 –54.60 –38.20 –33.50 

Zone 7 –65.00 –45.50 –20.40 –65.30 –49.10 –65.20 

Average –56.20 –40.10 –21.70 –48.80 –25.80 –32.20 

Values are presented as percentage (%).
SED: strain energy density, VOI: volume of interest. 

Table 7. Stem Occupancy of Profemur TL and Profemur Preserve to Femur

Stem volume (mm3) Femur volume (zones 1, 2, 3, 5, 6, 7) (mm3) Volume fraction

Preserve TL Preserve TL Preserve TL

Dorr A 20,393 21,461 69,975 86,878 0.29 0.25

Dorr B 15,251 17,704 52,935 64,759 0.29 0.27

Dorr C 20,161 22,715 53,314 67,586 0.38 0.34
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DISCUSSION
Short stems are primarily designed to achieve a better fit 
in the proximal femur than the tapered wedge-type and 
to promote a more natural load distribution in the proxi-
mal femur. However, the extent to which short stems can 
truly reproduce the physiological stress distribution in the 
preoperative proximal femur remains uncertain. The load 
distribution around the stem depends on the geometry 
of the femoral marrow cavity. Therefore, in this study, we 
conducted a direct comparison between the existing ta-
pered wedge stem and the short stem using finite element 
models. For both Preserve and TL, the von Mises stress 
and SED were the highest in Zones 4 or 5 and the lowest in 
zones 1 or 7. The results were similar, exhibiting a moun-
tain-shaped distribution in both cases. Stress distribution 
and SED were similar for each Dorr classification system. 
Similar results were obtained in the finite element analysis 
in a previous study, and the reproducibility of the results 
was confirmed.21) The trend remained the same regardless 
of the medullary cavity shape of the femur, stem type, or 
pre- and postoperative periods. This may be because of the 
appropriate stem size and intermediate alignment. 

In this study, the von Mises stress and SED of the 
TL were larger than those of the Preserve. TL has a lon-
ger stem, and the distance from the loading point on the 
femoral head to the tip of the stem is longer than that of 
the Preserve. Consequently, the bending moment, which 
is the product of the load and moment arm, is expected 
to increase, leading to higher stress levels. Furthermore, 
the zone of the VOI of the TL is more distal than that of 
the Preserve; therefore, the effect of the TL VOI is more 
strongly affected. In the Dorr classification, the von Mises 
stress and SED were larger in both stems, except for Zones 
1 and 7 of the reserve, in the following order: Dorr A < 
Dorr B < Dorr C. Generally, the wider the medullary cav-
ity, the thinner the cortical bone.22) Thinner cortical bone 
tends to have a higher load per bone cross-sectional area 
and is more easily deformed, resulting in higher stress in 
Dorr C.

The rates of change in the von Mises stress and 
SED tended to be smaller in Zone 4 or Zone 5 and larger 
in Zone 1 or Zone 7 for both stems. This may be because 
the effect of stress shielding is stronger in the proximal 
region, and the values of the von Mises stress and SED are 
small; thus, a small change in the stress and SED results 
in a large rate of change. Excluding the results of Zone 1 
in Dorr B using Preserve, the rates of change in the von 
Mises stress and SED tended to increase in the following 
order: Dorr C < Dorr B < Dorr A for both stems. When a 

load was applied to the bone head, bending and compres-
sive deformations occurred simultaneously. The insertion 
of a stiff stem increased the stiffness of the femur, resulting 
in smaller bending deformations and lower stress values, 
leading to stress shielding. Compressive deformation is 
not significantly affected by the stiffness of the stem but by 
the cross-sectional area of the bone. The thin cortical bone 
of the Dorr C-type has a smaller cross-sectional area than 
the others, and the stress tends to increase. Femurs with 
narrow medullary cavities have less bending and compres-
sive deformations, even if a stem is inserted, resulting in a 
significant decrease in stress from the preoperative level. 
When the medullary cavity is wide, bending deformation 
is similarly small; however, compressive deformation has 
a greater effect, resulting in a greater stress reduction than 
in Dorr A.

In this study, Preserve exhibited a tendency for a 
smaller rate of change than TL; only Dorr C exhibited a 
tendency for a larger rate of change in the proximal femur, 
indicating that the effect of stress shielding is small for 
Dorr A and Dorr B owing to the use of short stems. The 
ideal stress distribution for the preoperative and postop-
erative stresses on the femur is an equal rate of change 
at each VOI. For Dorr A and Dorr B, the Preserve had a 
more natural stress distribution, similar to that of the pre-
operative femur. Preserve is a metaphyseal-diaphyseal fixa-
tion, and the cross-section of the stem is rectangular. Re-
garding Dorr C, as the medullary cavity from the femoral 
neck to the subtrochanter widens, Preserve increases the 
rate of change of von Mises stress and SED in the cross-
section of the proximal femur because the size increase 
ratio of the stem is larger than that of the TL. The medul-
lary cavity occupied by the stem is larger for Preserve. In 
other words, the "stiffness" effect associated with the vol-
ume fraction may be larger than that associated with the 
extension of stem length. In addition, the bone strength 
of the entire bone, including the trabecular bone in Dorr 
C, where the cortical bone is thin, becomes fragile. There-
fore, the difference between the stiffness of Dorr C and 
that of the Dorr C stem is larger than that of other Dorr 
types, and the stress and SED of the Dorr C femur may be 
more influenced by the stiffness of Dorr C than by those 
of other Dorr types. Such an unbalanced rate of change in 
stress distribution in the femur significantly affects Dorr C, 
which has a thin cortical bone and is at risk of fracture.23) 
Therefore, in the finite element analysis, regarding the ad-
aptation of both stems to the medullary cavity geometry, 
the stem with a large difference in the rate of change of 
von Mises stress and SED in each zone should have limited 
adaptation and the use of a short stem, especially for Dorr 
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C, is considered to increase the risk of fracture. 
The limitations of this study are that it did not 

consider the difference in offset between the 2 stems, did 
not consider the stem contact area, was a stress analysis 
for walking only, did not consider the load during stand-
ing or stair climbing, is the result of a simulation in finite 
element analysis, and may not be an accurate in vivo me-
chanical evaluation depending on the zone. An accurate 
in vivo mechanical evaluation, depending on the zone, is 
not possible. Some zones had deviant values that could 
be considered outliers. As the offset increases, the bend-
ing moment increases, which may lead to an increase in 
stress. Initially, although a comparison using the same 
offset distance would have been appropriate, in this study, 
we decided to utilize the existing stem for the comparison 
in order to make it more realistic. Future studies should 
consider comparing stress distribution with existing offset 
types, particularly when standing and ascending or de-
scending stairs. Additionally, only 1 case of short stem was 
actually used for Dorr C. This single case was compared to 
a tapered wedge and a short stem under the same condi-
tion, allowing for the understanding of the specificity and 
characteristics of this case through analysis, although only 
1 case was used. However, there was certainly potential for 
selection bias. Though von Mises stress and SED increased 
in zone 1 of the Dorr B femur with the short stem, as 
shown in Table 5, this result could be due to minute differ-
ences in the contact conditions between the stem and fe-
mur, geometry errors in modeling, and calculation errors. 
Since the contact area of the stem varies depending on the 
shape of the femoral medullary cavity in detail, finite ele-
ment analysis using a larger number of femur samples may 
provide a more accurate stress distribution, highlighting a 
critical aspect for future investigation.

In this study, we compared the distributions of von 
Mises stress and SED for Preserve and TL stems in relation 
to the luminal geometry of each Dorr classification. They 
revealed similar results, and the same trend was observed 
for the Dorr classification. However, the stresses were con-
sidered to increase in the TL because of the longer stem 
length and increase in the bending moment, which is the 
product of the load and moment arm. The rate of change 
was evaluated. For Dorr A and Dorr B, Preserve exhibited 
a more natural stress distribution similar to that of the pre-
operative femur than TL. However, for Dorr C, the rate of 
change in von Mises stress and SED at the proximal femur 
was greater for Preserve than for TL. This suggests that the 
difference between TL and Preserve in terms of stem stiff-
ness becomes larger and may cause greater effects, such as 
fracture in the early postoperative period, than other Dorr 
types. Therefore, caution may be warranted in the use of 
short stems, particularly when the femoral marrow cav-
ity is wide. Further research is necessary to determine the 
ideal stem type for femurs with a wide medullary cavity.
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