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Comparison of Femoral Bone Mineral Density
Changes around 3 Common Designs of Cementless

Stems after Total Hip Arthroplasty—A
Retrospective Cohort Study

Yuan Liu, MD, Wen-Xing Wei, MD, Yi Zeng, MD , Jun Ma, MD, Jing Yang, MD, Bin Shen, MD

Orthopedics Research Institute, Department of Orthopedics, National Clinical Research Center for Geriatrics, West China Hospital, Sichuan
University, Chengdu, Sichuan, China

Objective: The aim of this study was to compare the periprosthetic BMD changes around Tri-Lock “Bone Preserving
Stem” with the other two common and longer stems (Corail and Summit) after THA.

Methods: It was a retrospective cohort study followed patients underwent the total hip arthroplasty from January
2013 to December 2015. They were selected and followed from January 2013 to Janaury 2020. Patients without oste-
oporosis underwent hip replacements with three aimed stems were included. Among the 138 patients included,
49 patients received the Tri-Lock stem, 44 patients received the Corail stem, and 45 patients received the Summit
stem. The periprosthetic BMD changes evaluated by the Dual energy X-ray absorptiometry (iDXA) measurement
according to the seven Gruen zones was the primary outcome. The Radiographic changes including spot welds, ped-
estal sign and grade of stress shielding was evaluated by the consecutive hip images. Einzel-Bild-Roentgen-Analyze-
femoral component analysis (EBRA-FCA) was used to measure the stem migration at 5 years postoperatively.
Patient-reported outcomes (PROMs) and adverse events were assessed and compared in three groups. Finally, the
subgroups for the periprosthetic BMD changes, radiological and clinical outcomes were made based on the age,
gender and length of follow-up.

Results: A total of 138 patients were retrospectively followed for an average of 4.66 years. Excepting the differ-
ent stems used in three groups, the age, gender and other characteristics of patients included were similar
between groups. There was no significant difference between the three groups in periprosthetic BMD changes
over postoperative 5 years. The Summit stem shown more BMD loss in Gruen zone 1 compared with the Tri-Lock
and Corail stems without significant difference (7.49%, �1.89% and �2.62%, respectively, P = 0.42). And the
most prominent BMD loss was found in Gruen zone 7 for all three stems (�12.60%, �11.84%, and �9.56%,
respectively, P = 0.91). The spot weld was significantly more common around the Corail stem, while there was
no difference in the stem migration between three groups. Patient reported outcomes (PROMs) were signifi-
cantly improved compared with the preoperative values. Regarding the rate of postoperative complications, two
patients underwent the dislocation and 25 patients sometimes felt mild to moderate thigh pain. Subgroup analy-
sis showed that female patients older than 50 years lost more BMD and had lower clinical scores, while the
stem stability was not good enough in male patients.

Conclusions: The Tri-Lock Bone Preserving Stem did not show significant difference in periprosthetic BMD changes
compared with the other two conventional longer stems at 5 years after THA.
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Introduction

Periprosthetic bone mineral density loss secondary to the
stress shielding was common after total hip arthroplasties

and believed to be associated with thigh pain, prosthesis loosen-
ing, periprosthetic femur fracture, and revision1. Stress shielding
following the insertion of a cementless stem can be attributed
to mechanical2,3 and biological factors4,5 in response to the new
biomechanical situation. The characteristics of prosthesis
including the geometry, length, material, coating and so on
were key factors influence the degree of stress shielding. There
are many types of hip prosthesis available in the market and
each with different load-sharing philosophies6, but none of the
prostheses could completely prevent stress shielding after total
hip arthroplasty. Katoozian et al7. analyzed the ideal prosthesis
close to the physiological state from the pure mechanical point
of view. The results showed that the shape of the prosthesis
was irregular due to the individual differences and the complex-
ity of the loading conditions in vivo, which could not be further
applied in clinical practice. It is necessary to determine how the
different factors of stems influenced the stress shielding and
improve them. Proximal load transfer of the short stem was
considered one major advantage compared to conventional
stems, which typically produce clinically relevant stress
shielding. Therefore, to decrease the periprosthetic bone loss
after THA, several kinds of short, and even ultra-short stems
were adopted, such as the Tri-Lock Bone Preserving Stem.

The shorter stemmed “Tri-Lock Bone Preserving Stem,”
with the possible advantages of lower bone loss8–10, suitability
for smaller incision, and theoretically convenient for the revi-
sion, has become ever more popular. In theory, this short stem
should be expected to improve proximal load transfer and
decrease the degree of stress shielding for loading the proximal
femur in a more physiological way11,12. However, in a 2 years
RCT, Slullitel et al13. reported that Tri-Lock stem (prostheses
intended to preserve proximal femoral bone) does not necessar-
ily perform better in this regard than conventional cementless
designs (Corail stem) by the DXA-RFA analysis. To interpret
this conclusion with caution, we found the length of stem was
not the only difference between two stems, though both of
them are tapered wedges made from the same titanium alloy.
The type of surface coating and canal preparation technique of
them were different. Therefore, we added a new group of Sum-
mit (Depuy Orthopedics, Inc., Warsaw, IN, USA) stem to com-
pare with the Tri-Lock stem, which has similar coating and the
same canal preparation technique with the Tri-Lock stem.
Therefore, this was the first study comparing the periprosthetic
bone mineral density changes between Tri-Lock Bone Preserv-
ing Stem with the other two cementless longer stems. This
made the comparison more comprehensive and objective, that
more key factors affected the periprosthetic BMD loss could be
found and reducing the bias of comparison.

Investigations of load transfer after femoral stem
implantation have generally been performed using dual-energy
X-ray absorptiometry (DEXA) measurements. It was widely
used and considered an effective way to evaluate the small
changes in BMD around femoral implants over postoperative
follow-up14–17. And the evaluation of radiographical changes
to determine the degree of stress shielding according to the
Engh standard18 was also helpful.

Therefore, three groups of patients using different types
of stems in the THA operation were retrospectively studied in
this clinical research. The main aim of this study was to com-
pare the periprosthetic bone mineral density changes between
the three stems. The periprosthetic bone integration and stem
migration based on imaging evaluation, postoperative func-
tional recovery were the secondary aims of this study.

Methods

This retrospective cohort study has been reviewed and
approved by the Institutional Review Board of the

authors’ affiliated institutions (2012. Number (268)) and all
subjects provided informed consent.

Patient Selection
The size of the sample was calculated by considering the
average loss of BMD reported in previous studies in the
seven zones of Gruen by power analysis4,7–10. The results
showed that detection of a 5% difference in BMD changes at
the 5% significance level would require 40 patients in each
group of this retrospective study.

Inclusion criteria: (i) patients underwent the total hip
arthroplasty between January 2013 to January 2015; (ii) Tri-Lock,
Corail and Summit stems were used during THA; (iii) per-
iprosthetic BMD was measured by the DEXA after operation.
Exclusion criteria: (i) patients diagnosed with osteoporosis;
(ii) patients who took anymedicines influencing bonemetabolism;
and (iii) other joint pathology of the lower extremities.

As shown in Fig. 1, 214 replacements with the Tri-
Lock bone preserving stem (BPS) completed from January
2013 to December 2015 were reviewed. After excluding oste-
oporosis or metabolic bone diseases before the operation
(110 cases), taking any bone-modulating drugs (42 cases),
any other joint pathology of the lower extremities (including
the contralateral hip; 12 cases), and one patient died from
lung cancer, only 49 patients were included. The other two
groups were matched 1:1:1 with the Tri-Lock group
according to the similar age, BMI, preoperative BMD, diag-
nosis and femoral morphology. Nine patients were unable to
go to the hospital for DEXA measurement and
radiographical examination due to traffic inconvenience and
lost follow-up. Therefore, these nine patients were followed
through telephone inquiry, and no adverse event was found,
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great functional recovery was reported. Finally, a total of
138 patients with 173 hips were included and followed up
for an average of 4.66 years. As shown in Table 1, 49 patients
with 63 hips received the Tri-Lock BPS stem, 44 patients
with 52 hips received the Corail stem, and 45 patients with
58 hips received the Summit stem.

Prosthesis Design
The morphology and characters of three included stems were
shown in Fig. 2 and Table 2.

All three stems were composed of the Ti 6Al-4V
alloy. The length of Tri-Lock BPS was relatively shorter.
The extent and material of coating was different. The Tri-
Lock BPS (Depuy, Eagan, MN, USA) was a short tapered-
wedge stem with GRIPTION microporous coating. Its

design features include a highly polished surface design at
the distal end of the stem, distal flutes and a minimal lat-
eral shoulder19. The collarless Corail® prosthesis (DePuy
Synthes, Raynham, MA, USA) is wedge-shaped with a thin
distal end, its textured surface is fully covered by a
150-micron hydroxyapatite (HA) coating. The proximal
third of the Summit (Depuy Orthopedics, Inc., Warsaw,
In, USA) stem coated with a POROCOAT® Porous Coat-
ing that favors bone ingrowth20. Radial ZTT steps was
designed to eliminate hoop stress by directing radial force
into compression.

Surgery Technique
All replacements were performed by two senior surgeons
(S.B. and Y.J.) under general anesthesia using the

Fig. 1 Flow chart of patients included in this study
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posterolateral approach. Three stems were separately
implanted under the specific instruction. The Tri-Lock BPS
and Summit stem were inserted with a bone-cutting broach,

while the Corail stem was inserted using a compaction bro-
ach. The PINNACLE® Acetabular Cup System was used for
all participants.

TABLE 1 Baseline demographic information of patients followed in three groups

Tri-Lock (n = 49) Corail (n = 44) Summit (n = 45) One-way ANOVA

Post hoc test

Tri versus Cor Tri versus Sum Cor versus Sum

Number of hips 63 52 58
Follow-up (years) 4.84 � 0.68 4.95 � 1.20 4.20 � 1.00
Age at surgery (years)a 50.30 � 13.30 53.90 � 11.20 52.10 � 12.10 P = 0.37, F = 1.00 P = 0.16 P = 0.49 P = 0.48
BMI (kg/m2)a 25.30 � 4.30 24.10 � 3.20 24.40 � 3.30 P = 0.28, F = 1.30 P = 0.15 P = 0.26 P = 0.70
Female (%)b 24 (49.00) 18 (40.90) 20 (44.40) P = 0.74, χ2 = 0.62 P = 0.44 P = 0.66 P = 0.74
Diagnosis (%)c P = 0.32c

OA 23 (36.50) 13 (25.00) 19 (32.80)
ONFH 30 (47.60) 29 (55.80) 32 (55.20)
FNF 5 (7.90) 3 (5.80) 0 (0.00)
RA 4 (6.30) 3 (5.80) 3 (5.20)
AS 0 (0.00) 3 (5.80) 3 (5.20)
Perthes’ disease 1 (1.60) 1 (1.90) 1 (1.70)

Note: Test function in stats package using R 4.0.3, multiple comparisons were not performed because the overall test did not show significant differences
between three groups. The P value was derived from Fisher exact test, which is based on the probability mass function of hypergeometric distribution, a discrete
probability distribution. That means we are able to directly calculate the p value.; Abbreviations: ANOVA, Analysis of Variance; AS, ankylosing spondylitis; FNF, fem-
oral neck fracture; LOS, length of follow-up; OA, osteoarthritis; ONFH, osteonecrosis of the femoral head; RA, rheumatoid osteoarthritis.; a One-Way ANOVA and
post hoc test for quantitative data.; b Chi-square test for multigroup categorical data.; c The Fisher’s exact test was performed by fisher.

A B C

Fig. 2 The morphology and characters of three stems included in this study. (A) Tri-Lock stem; (B) Corail stem; (C) Summit stem
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Outcome Measures

iDXA Measurement
Dual-energy X-ray absorptiometry in iDXA (Lunar iDXA,
GE Healthcare, Madison, WI, USA) was an instrument
designed to evaluate the small changes in BMD around fem-
oral implants over postoperative follow-up. All participants
underwent DEXA measurement in the operated hips at 1 day
and 5 years after the operation. As shown in Fig. 3, bone
mineral density (BMD) in the frontal plane of the femur was
measured according to the seven Gruen zones21. In the hori-
zontal plane, the tip of the lesser trochanter defines the distal
border of zones 1 and 7. The midpoint between the lesser
trochanter and the tip of the stem defines the border between
zones 2 and 3, and 5 and 6. Zone 4 represents the total bone
area 20 mm distally from the tip of the stem. Vertically, the
center axis of the femur divides the medial and lateral zones.
Postoperative values were taken as baseline for the per-
iprosthetic BMD follow-up. The average percentage changes
in the BMD at each Gruen’s zone among the three types of
stems were compared. The bone quality of the contralateral
hip and the lumbar spine were also evaluated by the iDXA at
the latest follow-up. The iDXA scan and the evaluation of
BMD around implants were completed by a technician from
the Department of Bone Mineral Density in the hospital.

Stress Shielding Grade
Stress shielding grade was a method to evaluate the bone
mass changes around the less trochanter after operation
based on the hip images from postoperative to the latest
follow-up. Femoral bone loss resulting from stress shielding
was graded 1st–4th according to the system described by
Engh et al18. Atrophy of the femoral calcar was graded I,
extended to the less trochanter was graded II, extended to
the proximal isthmus of femur was graded III and isthmus
atrophy was graded IV. The imaging data was evaluated by
the senior radiologists and orthopedics doctors, and discrep-
ancies were solved by the discussion with senior professors.

Spot Welds
Spot welds was the endosteal new bone formation on the
prosthesis, meaning the ingrowth of bone into porosities of
the surface coating22. It is a positive indication for the stabil-
ity of cementless stems.

Pedestal Sign
The pedestal sign is an endosteal new bone formation below
the distal end of the stem and it usually extends over 50% of
the canal23. Distal pedestal formation and calcar hypertrophy
imply prosthesis-to-bone stress transfer away from the porous
coating metaphyseal part of the implant and are associated
with instability. The formation of this shelf of new bone is an
apparent attempt to support the tip of the prosthesis. In addi-
tion, the combination of pedestal sign and radiolucent line
might suggest the instability of the prosthesis.

Stem Subsidence
Stem subsidence is defined as the distal displacement of the
prosthesis relative to the greater trochanter. The Einzel-Bild-
Roentgen-Analyze-femoral component analysis (EBRA-FCA)
was used to measure the migration between immediate post-
operatively and at 5 years postoperatively24,25. If the prosthe-
sis migrates more than 2 mm to the distal femur, it can be
judged as stem subsidence.

Harris Hip Score (HHS)
Harris hip score (HHS) is a widely used method to evaluate
the function of hip joint, which is often used to evaluate the
effect of total hip replacement26. The HHS score system
includes four sections: pain, function, disability and range of
motion (ROM). The second section includes two aspects: gait
and daily activities. Intervening statements are scored
according to rank. The lighter the pain, the better the func-
tion, the greater the activity and the higher the score was.
The full score is 100, 90 or above is excellent, 80–89 is good,
70–79 is fair, and less than 70 is poor. For the patients with
two hip replacements, the right operated hip was evaluated
for HHS and other clinical scores. Because some questions

TABLE 2 The characters of three stems

Femoral stem TriLock BPS Corail Summit

Materials Ti 6Al-4V alloy Ti 6Al-4V alloy Ti 6Al-4V alloy
Morphology 1. Reduced Neck Geometry

2. Intuitive Sizing 3. Short,
Curved Distal Tip

1. Straight stem 2. Thin distal tip 3. 135� neck
angle 4. 12/14 Morse taper 5. Progressive
offset

1. Optimized Articuleze taper 2. 130� Neck Shaft Angle
3. Proportional neck length and offset4. Polished
distal bullet tip

Feature 1. Maximize bone preserving
2. Easy for revision

1. Reliable primary stability 2. Long-term
biological fixation 3. Proximal load transfer

1. A proximally loading stem 2. Biomechanical
Excellence 3. Direct lateralization

Coating 1. GRIPTION microporous coating
2. Optimal size of
osseointegration aperture -- 300
μm aperture 3. Step distribution
forms the best mechanical
loading interface – 80% porosity

1. Bioactive whole coating (HYDROXYAPATITE)
2. Horizontal proximal macrostructure
3. Distal longitudinal structure

1. POROCOAT® Porous Coating (Radial ZTT® steps)
2. Duofix™ hydroxyapatite coating

3. Distal grit-blasted surface

Insertion Bone-cutting broach Compaction broach Bone-cutting broach
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involved in the questionnaire are aimed at the whole body
state and the completion of special movements of lower
limbs. Therefore, only the right limb was evaluated in order
to reduce the systematic deviation.

Short Form-12 Health Survey (SF-12)
The 12-item Short Form Survey (SF-12) is a general health
questionnaire that was first published in 1995 as part of the
Medical Outcomes Study (MOS)27. The SF-12 measures eight
concepts commonly represented in widely used surveys: physi-
cal functioning, role limitations due to physical health prob-
lems, bodily pain, general health, vitality (energy/fatigue),
social functioning, role limitations due to emotional problems,
and mental health (psychological distress and psychological
well-being). Thus, two summary scores are reported from the
SF-12: a mental component score (MCS-12) and a physical
component score (PCS-12). The score of every patient was
measured by filling in the form online (https://orthotoolkit.
com/sf-12/), and the data was scored automatically.

Forgotten Joint Score (FJS)
Forgotten joint score (FJS) scale has been used to evaluate the
subjective feelings of patients after hip and knee arthroplasty in
recent years28. The scale includes 12 related questions based on
patients’ daily activities. Each question is composed of five
options with a score of 0–4, with a full score of 100. The score
is calculated according to Behrend et al29. The higher the score,
the better the subjective feeling in daily activities.

Statistical Analysis
Periprosthetic BMD changes during 5 years follow-up in seven
Gruen zones were calculated as percentages. One-way ANOVA
was first used to compare differences in mean clinical scores,
distance of femoral stem migration and BMD percentage

changes between the three groups, and then a post hoc test was
used to test for difference between multiple groups. The
Kruskal–Wallis H test was used for the comparison of the grade
of stress shielding. And a chi square test was used for the com-
parison of number of spot welds, and the pedestal sign was eval-
uated between the groups (when the minimum expected
number was less than 5, the Fisher’s exact test was adopted).
P values of <0.05 were considered statistically significant.

Results

General Results
There are a total of 138 patients retrospectively followed for an
average of 4.66 years. The operation time was 48.50 � 4.80,
47 � 4.20 and 48 � 3.70 min in Tri-Lock, Corail, Summit
groups.

Periprosthetic BMD Changes
As shown in Table 3 and Fig. 4, different periprosthetic
BMD changes were presented in the three groups. In the
Tri-Lock group, it was slightly increased in the ROI 3 and
4 (1.27% and 0.19%, respectively), and decreased in the ROI
1,2,5,6, and 7 (�1.89%, �3.24%, �1.74%, �5.72% and
�12.60%, respectively). The periprosthetic BMD decreased
in all ROIs (�2.62%, �5.63%, �5.81%, �5.89%, �6.44%,
�6.84% and �11.84%) in the Corail group. The Summit
group was a little different, aside from the bone absorption
in medial-proximal zones (�6.41%, �9.56% in ROI 6 and
7), the BMD in the lateral-proximal of the summit stem also
decreased (�7.49%, �10.10% in ROI 1 and 2). However, the
trend of bone remodeling around the proximal femoral pros-
thesis was similar in three groups, especially in the proximal
medial and lateral Gruen zones. The BMD was decreased in
proximal Gruen zones (1,2 and 6,7) in the three groups. It

A B C

Fig. 3 The illustration of Gruen zones for DEXA measurement around three stems. (A) Tri-Lock stem; (B) Corail stem; (C) Summit stem
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can be shown that the proximal femur was absorbed after
three different prostheses were implanted.

Radiographical Changes
In the radiological grading of stress shielding, there were five
cases (10.20%) in the Tri-Lock group, five cases (11.36%) in the
Corail group and five cases (11.11%) in the Summit group
graded III–IV without significant difference. The mean amount
of stem migration was not significantly different in three groups
and no case had progressive stem subsidence (1.89 � 1.35 mm,
1.89 � 1.31 mm, and 1.95 � 1.19 mm, respectively, p = 0.95).
In addition, spot weld occurred in 29 cases of 173 hips
(16.76%) and most common in the Gruen zone 3 around the
Corial stem (19 cases, 43.18%). The pedestal sign was mostly
found under the tip of the Tri-Lock stem (5 cases [10.20%], 2

cases [4.55%], and 2 cases [4.44%] respectively), and no radio-
lucent lines was occurred in any cases. (Table 4, Fig. 5).

Clinical Outcomes
The Harris hip score and SF-12 score were all significantly improved
at 5 years after THA compared with the preoperative values in the
three groups, while there was no significant difference between them.
In addition, the Forgotten Joint Sore (FJS) did not show significant
difference between the groups at 5 years after THA (63.80� 35.00,
63.40� 36.80, and 63.80� 36.10, respectively, p = 1.00). In view
of radiographs, hip prosthesis achieved well biofixation at five years
after THA (Fig. 6).

Complications
Regarding the occurrence of complications, two patients
(4.50%) in the Corail group suffered a dislocation more than

Fig. 4 Periprosthetic bone mineral density changes (%) in seven Gruen zones for three groups. *P < 0.05, **P < 0.01
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3 years after the operation and were treated with closed
reduction. A total of 25 (14.50%) patients occasionally felt
thigh pain. Two patients (3.80%) in the Corail group, one

patient (1.60%) in the Tri-Lock group and one patient
(1.70%) in the Summit group felt moderate thigh pain (4–6
points) (P > 0.05). Remaining 21 cases of mild thigh pain
(1–3 points) occurred in two conditions. Nine patients felt
painful when it gets cold, three cases (4.80%) from the Tri-
Lock group, three cases (5.80%) from the Corail group, and
three cases (5.20%) from the Summit group (P > 0.05).
Twelve patients felt painful when the implant was over-
loaded, four cases (6.30%) from the Tri-Lock group, four
cases (7.70%) from the Corail group, and the last four cases
(6.90%) was from the Summit group (p > 0.05). All cases of
thigh pain could alleviate after having a rest without medi-
cine or other treatment.

Results of Subgroup Analysis
Subgroup analysis for the periprosthetic BMD changes was
made based on the age, gender and the length of follow-up.
The results shown that the female patients older than
50 years lost significantly more bone mineral density than
the male patients or patients younger than 50 years. In addi-
tion, female patients showed significantly more serious stress
shielding than male patients (p = 0.02). The length of
follow-up only made a difference on the BMD changes in
Gruen 5, the BMD lost more in patients followed longer than
5 years.

Subgroup analysis for the radiological and clinical out-
comes were made based on the age, gender and the length of
follow-up. The grade of stress shielding was significantly
higher in female patients older than 50 years. In addition,
the incidence of pedestal sign and stem subsidence were sig-
nificantly more in male patients older than 50 years. For the
functional score system, all of them were significantly better
in patients younger than 50 years, and the FJS was signifi-
cantly greater in patients followed more than 5 years. And
the two cases of dislocations were two male patients younger
than 50 years and followed more than 5 years. Female
patients older than 50 years were significantly easier felling
the thigh pain.

TABLE 4 Radiographical changes in three groups in 5 years after THA

Radiographic Changes TriLock (n = 49) Corail (n = 44) Summit (n = 45) Three-group comparison

Post hoc test

Tri versus Cor Tri versus Sum Tri versus Cor

Spot welds (%)a 6 (12.24) 19 (43.18) 4 (8.89) P = 0.00, χ2 = 19.28 P = 0.00 P = 0.60 P = 0.00
Pedestal sign (%)a 5 (10.20) 2 (4.55) 2 (4.44) P = 0.43, χ2 = 1.69 P = 0.47 P = 0.55 P = 0.72
Stress shielding (%)b P = 0.90, H = 0.20
I 13 (26.53) 11 (25.00) 10 (22.22)
II 19 (38.78) 15 (34.09) 18 (40.00)
III 5 (10.20) 4 (9.09) 4 (8.89)
IV 0 (0.00) 1 (2.27) 1 (2.22)

Stem migration (mm)c 1.89 � 1.35 1.89 � 1.31 1.95 � 1.19 P = 0.95, F = 0.05 P = 0.99 P = 0.77 P = 0.80

aChi-square test for multigroup categorical data.; b Kruskal–Wallis H test for grade data, multiple comparisons were not performed because the overall test did
not show significant differences between three groups.; c One-Way ANOVA and post hoc test for quantitative data.

A

B

Fig. 5 The illustrations of spot weld and pedestal sign around stem on

the hip radiograph. (A) Spot weld; (B) Pedestal sign
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Discussion

Effect of Three Kinds of Stems on Periprosthetic BMD
Changes
It is generally believed that the length of stem was a key fac-
tor affecting the strain distribution after the prosthesis
implanted14,30,31. The longer prosthesis transmits the stress
to the more distal part of the femur results in a higher degree
of stress shielding in the proximal femur. However, at the
fifth year after THA, similar BMD loss was found in the
proximal femur (Gruen zones 1, 2, 6 and 7) around all three
kinds of cementless stems. The Tri-Lock bone preserving
stem did not significantly reduce the proximal BMD loss
compared with the other two conventional longer stems.
Consistent with our finding, Slullitel et al13. found that the
Tri-Lock BPS intended to preserve proximal femoral bone
but do not necessarily perform better than conventional
cementless designs (Corail stem) using the high sensitivity
Dual-energy X-ray Absorptiometry Region Free Analysis
(DXA-RFA). Hayashi et al. reported 7.85% loss of the per-
iprosthetic BMD in Gruen zone 7 in the 24 months after the
THA and concluded that the Tri-Lock BPS is not suitable for
patients with poor bone mass32. But Meyer et al33. reported
a different result that the bone-preserving Fitmore stem
exhibited less proximal femoral bone loss than the CLS
Spotorno conventional stem. Therefore, how the prosthesis
affected the periprosthetic bone remodeling was still in con-
troversy. Apart from the length of the stem, other potential
characters should be paid more attention.

Stiffness of stems was considered an important factor
influencing the degree of stress shielding after THA34,35. The
closer the stiffness of prosthesis to femur, the lower degree of

stress shielding it produces2. And the stiffness of stem was
depended on the elastic modulus and Moment of Inertia
(MOI). All three stems are made of Ti 6Al-4V alloy, that the
elastic modulus was the same. While MOI is proportional to
the fourth power of the cross-sectional area of the prosthesis.
Therefore, the larger the diameter of the prosthesis made
from the same material, the greater the cross-sectional area
of the prosthesis, the greater the moment of inertia and
finally the greater the stiffness36. However, it was pretty diffi-
cult to design a prosthesis which could completely prevent a
certain amount of stress shielding in the calcar and major
trochanter regions, which was caused by the moderate
underloading and distal load transfer, respectively. In addi-
tion, one must consider that research is still pending regard-
ing the clinical value of the preservation of proximal bone
mass in terms of long-term survival or improved options for
revision surgery for these kinds of implants.

Relationship between BMD Changes and Clinical
Outcomes
Postoperative pain was considered to be related to the stem
design and stiffness of implants37,38. The modulus of elastic-
ity of normal cortical bone is less than 20 GPa39, but most
conventional metal stems occupying the diaphysis have a
modulus of elasticity ranged 80 to 200 GPa40. Therefore, the
stress shielding from the different stiffness between implants
and bone might cause the periprosthetic bone resorption and
thigh pain.

However, this research found that neither the postop-
erative BMD changes around implants nor the clinical out-
comes were significantly different between the three kinds of

A B C

Fig. 6 Radiographs of a 57-year-old woman who underwent THA for the osteonecrosis of the femoral head. (A) Radiograph before THA, showing a

necrotic and collapsed femoral head. (B) Postoperative radiograph with a Corail stem implanted. (C) Radiograph at 5 year postoperative
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stems. One possible explanation was that the final follow-up
was too late to show a difference, because the periprosthetic
BMD loss was most evident in the first postoperative year
and the changes were minimal thereafter41. It was also pro-
posed that the changes in the first year were more clinically
relevant, as the initial periprosthetic bone remodeling process
was mainly completed in the first 12 postoperative
months42,43. But it was still very necessary to perform a lon-
ger length of follow-up to evaluate whether different designs
of stem and periprosthetic bone remodeling could make a
difference on the rate of aseptic loosening and revision of
implants.

Limitations
There were several limitations in our study. First, this study
was performed retrospectively, the periprosthetic BMD were
not measured in other time points, results of our study just
indicated the periprosthetic BMD changes at a midterm
follow-up. Second, it is important to note that the changes of

BMD do not represent the changes of bone strength, that the
effect of the proximal BMD loss due to the stress shielding
on the periprosthetic fracture and survival of implants still
need further research in a longer follow-up period. Third,
the risk factors affected the BMD changes like the smoking,
drinking, and long-term bed rest were not reported in this
study because the most of patients changed their lifestyle
along with the aging.

Conclusion
The Tri-Lock Bone Preserving Stem did not show significant
difference in periprosthetic BMD changes compared with the
other two conventional longer stems at 5 years after THA.

Acknowledgements

The authors thank Yuan-chao Wu, technician, the
Department of Bone Mineral Density of Hospital this

study performed, for technical assistance in performing the
DEXA scans and for the support in the collection of data.

References
1. Bugbee WD, Culpepper WJ, Engh CA Jr, Engh CA Sr. Long-term clinical
consequences of stress-shielding after total hip arthroplasty without cement.
J Bone Joint Surg Am. 1997;79(7):1007–12.
2. Glassman AH, Crowninshield RD, Schenck R, Herberts P. A low stiffness
composite biologically fixed prosthesis. Clin Orthop Relat Res. 2001;393:
128–36.
3. McAuley JP, Sychterz CJ, Engh CA Sr. Influence of porous coating level on
proximal femoral remodeling. A postmortem analysis. Clin Orthop Relat Res.
2000;371:146–53.
4. Gibbons CE, Davies AJ, Amis AA, Olearnik H, Parker BC, Scott JE.
Periprosthetic bone mineral density changes with femoral components of differing
design philosophy. Int Orthop. 2001;25(2):89–92.
5. Sychterz CJ, Claus AM, Engh CA. What we have learned about long-term
cementless fixation from autopsy retrievals. Clin Orthop Relat Res. 2002;405:
79–91.
6. Khanuja HS, Banerjee S, Jain D, Pivec R, Mont MA. Short bone-conserving
stems in cementless hip arthroplasty. J Bone Joint Surg Am. 2014;96(20):
1742–52.
7. Katoozian H, Davy DT. Effects of loading conditions and objective function on
three-dimensional shape optimization of femoral components of hip
endoprostheses. Med Eng Phys. 2000;22(4):243–51.
8. Brodner W, Bitzan P, Lomoschitz F, et al. Changes in bone mineral density in
the proximal femur after cementless total hip arthroplasty. A five-year longitudinal
study. J Bone Joint Surg Br. 2004;86(1):20–6.
9. Boden HS, Skoldenberg OG, Salemyr MO, Lundberg HJ, Adolphson PY.
Continuous bone loss around a tapered uncemented femoral stem: a long-term
evaluation with DEXA. Acta Orthop. 2006;77(6):877–85.
10. Albanese CV, Rendine M, De Palma F, et al. Bone remodelling in THA: a
comparative DXA scan study between conventional implants and a new
stemless femoral component. A Preliminary Report Hip Int. 2006;16(Suppl 3):
9–15.
11. Patel RM, Smith MC, Woodward CC, Stulberg SD. Stable fixation of short-
stem femoral implants in patients 70 years and older. Clin Orthop Relat Res.
2012;470(2):442–9.
12. Molli RG, Lombardi AV Jr, Berend KR, Adams JB, Sneller MA. A short tapered
stem reduces intraoperative complications in primary total hip arthroplasty. Clin
Orthop Relat Res. 2012;470(2):450–61.
13. Slullitel PA, Mahatma MM, Farzi M, G Grammatopoulos J, Wilkinson M,
Beaulé PE. Influence of femoral component design on proximal femoral bone
mass after Total hip replacement: a randomized controlled trial. J Bone Joint Surg
Am. 2021;103(1):74–83.
14. Kim YH, Park JW, Kim JS. Ultrashort versus conventional anatomic
Cementless femoral stems in the same patients younger than 55 years. Clin
Orthop Relat Res. 2016;474(9):2008–17.
15. Christiansen JD, Ejaz A, Nielsen PT, Laursen M. An ultra-short femoral neck-
preserving hip prosthesis: a 2-year follow-up study with radiostereometric analysis
and dual X-ray absorptiometry in a stepwise introduction. J Bone Joint Surg Am.
2020;102(2):128–36.

16. Hochreiter J, Mattiassich G, Ortmaier R, Steinmair M, Anderl C. Femoral bone
remodeling after short-stem total hip arthroplasty: a prospective densitometric
study. Int Orthop. 2020;44(4):753–9.
17. Brinkmann V, Radetzki F, Delank KS, Wohlrab D, Zeh A. A
prospective randomized radiographic and dual-energy X-ray absorptiometric study
of migration and bone remodeling after implantation of two modern short-
stemmed femoral prostheses. J Orthop Traumatol. 2015;16(3):237–43.
18. Engh CA, Bobyn JD, Glassman AH. Porous-coated hip replacement. The
factors governing bone ingrowth, stress shielding, and clinical results. J Bone
Joint Surg Br. 1987;69(1):45–55.
19. Konan S, Duncan CP, Masri BS, Garbuz DS. What is the natural history of
asymptomatic pseudotumors in metal-on-metal THAs at mid-term follow up? Clin
Orthop Relat Res. 2017;475(2):433–41.
20. Bobyn JD, Pilliar RM, Cameron HU, Weatherly GC. The optimum pore size for
the fixation of porous-surfaced metal implants by the ingrowth of bone. Clin
Orthop Relat Res. 1980;150:263–70.
21. Gruen TA, McNeice GM, Amstutz HC. “Modes of failure” of cemented stem-
type femoral components: a radiographic analysis of loosening. Clin Orthop Relat
Res. 1979;141:17–27.
22. Engh CA, Massin P, Suthers KE. Roentgenographic assessment of the
biologic fixation of porous-surfaced femoral components. Clin Orthop Relat Res.
1990;257:107–28.
23. Agathangelidis F, Boutsiadis A, Petsatodis G. Pedestal sign in cementless
total hip replacement. Hippokratia. 2014;18(4):378.
24. Krismer M, Biedermann R, Stöckl B, Fischer M, Bauer R, Haid C. The
prediction of failure of the stem in THR by measurement of early migration using
EBRA-FCA. Einzel-Bild-roentgen-analyse-femoral component analysis. J Bone Joint
Surg Br. 1999;81(2):273–80.
25. Beaulé PE, Krismer M, Mayrhofer P, et al. EBRA-FCA for measurement of
migration of the femoral component in surface arthroplasty of the hip. J Bone
Joint Surg Br. 2005;87(5):741–4.
26. Harris WH. Traumatic arthritis of the hip after dislocation and
acetabular fractures: treatment by mold arthroplasty. An end-result study using a
new method of result evaluation. J Bone Joint Surg Am. 1969;51(4):737–55.
27. Poitras S, Beaule P, Dervin GJT. Validity of a short-term quality of life
questionnaire in patients undergoing joint replacement: the quality of Recovery-
40. J Arthroplasty. 2012;27(9):1604–8.
28. Cao S, Liu N, Han W, et al. Simplified Chinese version of the forgotten joint
score (FJS) for patients who underwent joint arthroplasty: cross-cultural
adaptation and validation. J Orthop Surg Res. 2017;12(1):6.
29. Behrend H, Giesinger K, Giesinger J, Kuster MJT. The “forgotten joint” as the
ultimate goal in joint arthroplasty: validation of a new patient-reported outcome
measure. J Arthroplasty. 2012;27(3):430–6.
30. Samy AM, El-Tantawy A. Stem length in primary cementless total hip
arthroplasty: does it make a difference in bone remodeling? Eur J Orthop Surg
Traumatol. 2019;29(6):1235–42.
31. Schilcher J, Ivarsson I, Perlbach R, Palm L. No difference in periprosthetic
bone loss and fixation between a standard-length stem and a shorter version in

1069
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 6 • JUNE, 2022
PERIPROSTHETIC BONE MINERAL DENSITY CHANGES



cementless total hip arthroplasty. A randomized controlled trial. J Arthroplasty.
2017;32(4):1220–6.
32. Hayashi S, Hashimoto S, Kanzaki N, Kuroda R, Kurosaka M. Daily
activity and initial bone mineral density are associated with periprosthetic
bone mineral density after total hip arthroplasty. Hip Int. 2016;26(2):
169–74.
33. Meyer JS, Freitag T, Reichel H, Bieger R. Periprosthetic bone
mineral density changes after implantation of a curved bone preserving hip
stem compared to a standard length straight stem: 5-Yr results of a
prospective randomized DEXA-analysis. J Clin Densitom. 2019;22(1):
96–103.
34. Chatterjee S, Roy S, Majumder S, Basu B, Roychowdhury A. Biomechanical
analysis to probe role of bone condition and bodyweight in stiffness
customization of femoral stem for improved Periprosthetic biomechanical
response. J Biomech Eng. 2020;142(10):101002.
35. Kärrholm J, Anderberg C, Snorrason F, et al. Evaluation of a femoral stem
with reduced stiffness. A randomized study with use of radiostereometry and
bone densitometry. J Bone Joint Surg Am. 2002;84(9):1651–8.
36. Bobyn JD, Glassman AH, Goto H, Krygier JJ, Miller JE, Brooks CE. The effect
of stem stiffness on femoral bone resorption after canine porous-coated total hip
arthroplasty. Clin Orthop Relat Res. 1990;261:196–213.

37. Kim YH, Park JW, Kim JS, Kim IW. Twenty-five to twenty-seven-year results of
a cemented vs a cementless stem in the same patients younger than 50 years of
age. J Arthroplasty. 2016;31:662–7.
38. Sumner DR, Galante JO. Determinants of stress shielding: design versus
materials versus interface. Clin Orthop Relat Res. 1992;274:202–12.
39. Brown TE, Larson B, Shen F, Moskal JT. Thigh pain after cementless total hip
arthroplasty: evaluation and management. J Am Acad Orthop Surg. 2002;10:385–92.
40. Ustbyhaug PO, Klaksvik J, Romundstad P, Aamodt A. An in vitro study of the
strain distribution in human femora with anatomical and customised femoral
stems. J Bone Joint Surg Br. 2009;91:676–82.
41. Inaba Y, Kobayashi N, Oba M, Ike H, Kubota S, Saito T. Difference in
postoperative Periprosthetic bone mineral density changes between 3 major
designs of Uncemented stems: a 3-year follow-up study. J Arthroplasty. 2016;
31(8):1836–41.
42. Merle C, Streit MR, Volz C, Pritsch M, Gotterbarm T, Aldinger PR. Bone
remodeling around stable uncemented titanium stems during the second decade
after total hip arthroplasty: a DXA study at 12 and 17 years. Osteoporos Int.
2011;22(11):2879–86.
43. Tapaninen T, Kröger H, Venesmaa P. Periprosthetic BMD after cemented and
uncemented total hip arthroplasty: a 10-year follow-up study. J Orthop Sci. 2015;
20(4):657–62.

1070
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 6 • JUNE, 2022
PERIPROSTHETIC BONE MINERAL DENSITY CHANGES


	 Comparison of Femoral Bone Mineral Density Changes around 3 Common Designs of Cementless Stems after Total Hip Arthroplast...
	Introduction
	Methods
	Patient Selection
	Prosthesis Design
	Surgery Technique
	Outcome Measures
	iDXA Measurement
	Stress Shielding Grade
	Spot Welds
	Pedestal Sign
	Stem Subsidence
	Harris Hip Score (HHS)
	Short Form-12 Health Survey (SF-12)
	Forgotten Joint Score (FJS)

	Statistical Analysis

	Results
	General Results
	Periprosthetic BMD Changes
	Radiographical Changes
	Clinical Outcomes
	Complications
	Results of Subgroup Analysis

	Discussion
	Effect of Three Kinds of Stems on Periprosthetic BMD Changes
	Relationship between BMD Changes and Clinical Outcomes
	Limitations
	Conclusion

	Acknowledgements
	References


