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Short-term clinical and radiological results
of two different design metaphyseal fitting
femoral stems in total hip arthroplasty: a
prospective, randomized trial
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Abstract

Background: There is great design variability on short femoral stems available on the market. This study aims to
evaluate the short-term clinical and radiological results of two different design short femoral stems, both classified
as shortened tapered stems.

Methods: From March 2016 to March 2018, a prospective, randomized, parallel-group design study was conducted to
compare functional and radiological outcomes of 45 patients underwent THA using the Tri-Lock Bone Preservation
Stem and 45 patients underwent THA with the Minima S stem at a minimum 2 years of follow-up. Patients were
assessed clinically and radiographically prior to surgery as well as at 3, 6, 12, and 24 months postoperatively. Primary
outcomes were the change in health-related quality of life assessed with Western Ontario and McMaster Universities
Osteoarthritis Index and 36-Item Short Form Health Survey and also the incidence of all hip-related complications.
Secondary aims included hip function evaluated with the Harris hip score, rates of patient satisfaction, and the
outcomes of a detailed radiological analysis.

Results: There were no significant differences between the 2 study groups in terms of patient-reported outcomes
measurements, satisfaction scores, and complication rates at any of the measurement times. In both groups, stable
fixation and radiographic osseointegration were achieved. However, analysis of the calcar region showed that 57.8%
and 28.9% of patients had grade 1 or 2 stress shielding, in Tri-Lock and Minima S implantation group, respectively (p=
0.015). Regarding coronal alignment, stems were placed in slight varus, valgus, and neutral position in 51.1%, 13.3%,
and 35.6% of patients, respectively, in Tri-Lock BPS group. The Minima S stem was implanted at slight varus and valgus
in 60% and 40% of patients, respectively, and neither stem in the exact neutral position.

Conclusions: Both different design short femoral stems demonstrated excellent clinical performance at short-term
follow up. Nevertheless, concerns were raised regarding the incidence of stress shielding phenomenon and mild
discrepancies in coronal stem alignment during implantation. The clinical impact of these observations should be
further evaluated through larger cohorts and longer follow-up.
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Background
Modern total hip arthroplasty (THA) has been shown to
generate good long-term clinical outcomes and survival
rates and undoubtedly has been considered the operation
of the century. Advances in materials, implant designs,
and surgical techniques are among the factors that have
enabled this success. Supporting this concept, several
short femoral stems have been designed with the theoret-
ical advantages of preserving bone stock, optimizing stress
distribution at the proximal femur to reduce shielding-
induced bone loss, facilitating tissue-sparing approaches,
and simplifying revision procedures [1–3]. All these bene-
fits, even theoretical, are of particular importance consid-
ering the recent shift towards younger and more active
patients undergoing THA [4]. This group of patients is at
higher risk for a revision procedure during lifetime, and
thus, the preservation of bone tissue should be the funda-
mental goal of the primary operation.
In recent years, a heterogeneous group of short stems

deeply different in terms of design, biomechanics, and
principles of fixation has been launched in the market.
In this respect, several proposals to categorize these pro-
theses have been introduced in the literature leading to a
great inhomogeneity regarding the nomenclature of
these implants. In the classification system proposed by
Khanuja et al [5], short stems are classified into four cat-
egories: femoral neck fixation, calcar loading, lateral flare
and calcar loading, and shortened tapered stems, accord-
ing to the location of proximal loading and the princi-
ples of fixation of each prosthesis. However, short stems
present differences in terms of design, fixation, biomech-
anics, and clinical outcomes, even if they belong to the
same main category [5–8]. To date, only short to mid-
term clinical results are available for certain designs of
short stems.
This study aims to compare the functional and radio-

logical results of short stem THA using two metaphyseal
fitting short stems, type 4 according to the classification
system proposed by Khanuja et al. [5], the Tri-Lock
Bone Preservation Stem (DePuy Orthopaedics Inc.
Warsaw, IN, USA) and the Minima S Femoral Stem
(Lima corporate Villanova di San Daniele, Italy). Primary
goals were to evaluate the incidence of all hip-related
complications and change in health-related quality of life
assessed with Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) [9] and 36-Item
Short Form Health Survey (SF-36) [10] scores up to 2

years postoperatively. Secondary aims included hip func-
tion evaluated with the Harris hip score (HHS) [11], pa-
tient satisfaction, and a detailed radiological analysis.

Methods
Study design
We conducted a prospective, randomized, parallel-group
designed study with blinded treatment and assessment to
compare functional and radiological outcomes of two dif-
ferent design metaphyseal fitting short femoral stems, the
Tri-Lock Bone Preservation Stem (BPS) and the Minima S
Femoral Stem. The study protocol was approved by the
ethics committee of the University Hospital of Patras (ap-
proval number: 36/02-03-2016), and a detailed informed
consent form was signed by each patient prior to partici-
pation in the study. The approval was published in the
Greek Transparency Portal, called “diavgeia” on April 22,
2016, with a unique Internet Uploading Number that was
ADA:6ΝΩ346906Γ-Φ6Ω. The study was registered with
the International Standard Randomized Controlled Trial
Number ISRCTN10096716. The study protocol has
already been peer-reviewed and published [12].

Study population
From March 2016 to March 2018, we enrolled 143 pa-
tients aged 50–80 years old who were candidates for
THA. The indication for surgery was hip osteoarthritis
that was severe enough to warrant THA after an ad-
equate trial of non-operative therapy. Patients suffering
from (1) primary osteoarthritis, (2) inflammatory arth-
ritis, (3) avascular necrosis, and (4) post-traumatic arth-
ritis were considered eligible for inclusion. Patients were
excluded in both groups if they had severe co-
morbidities affecting functional outcome as well as those
with poor bone stock and any femoral deformity pre-
cluding appropriate fit and fill in the metaphysis, such in
cases of high-grade hip dysplasia and severe valgus or
metaphyseal deformity secondary to fracture.
During the study period, 101 patients were eligible and

consented to enroll in this randomized clinical trial. Pa-
tients were randomly allocated, and thus, two groups of
patients were created; group A: Tri-Lock BPS group and
group B: Minima S Monolithic Femoral Stem group.
Nine patients in the Tri-Lock BPS group and two pa-
tients in the Minima S group did not receive their allo-
cated intervention. The remaining ninety patients were
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randomly allocated, and no patients were lost to follow-
up across the 2-year follow-up period (Fig. 1).

Randomization procedures
A block randomization was used, while participants were
subdivided into strata, consisting of random sequence of
blocks of 10 consecutive surgical procedures. Randomization
was performed in the operating theatre, after anesthetic in-
duction and just before incision, using sequentially numbered
opaque sealed envelopes.

Intervention
Preoperative templating was conducted for both im-
plants, and both stems and their instrumentation trays
were available in the operating room. The senior sur-
geon (P.M) performed all the arthroplasties with a stan-
dardized operative technique through a mini-posterior
approach. In both groups, the femur was prepared in a
broach-only fashion and then the prosthesis was im-
pacted until a tight metaphyseal fit was obtained. The
Tri-Lock BPS and Minima S femoral stems are consid-
ered shortened tapered conventional stems of type 4, ac-
cording to Khanuja et al. [5] classification system.
Although both stems belong to the same short stem
family, some specific design differences exist (Fig. 2).
The acetabulum was prepared in a standardized fashion

according to the manufacturer’s instructions. In group
A, all patients received a cementless Pinnacle acetabular
component (DePuy, Warsaw, Indiana) while in group B,
a cementless Delta PF acetabular component (Lima Cor-
porate). All patients in both groups received a 32- or 36-
mm ceramic femoral head.
All patients underwent the same postoperative physio-

therapy protocol. In both groups, patients were mobi-
lized on the second post-operative day and progressed
to full-weight-bearing with a walking frame or crutches
as comfort permitted; they were advised to use a walking
aid for 6 weeks.

Outcome assessment
Patients were assessed both clinically and radiographic-
ally prior to surgery. The preoperative raw data included
a full demographic profile, patient age, sex, body mass
index (BMI), and the Charlson’s Comorbidity Index
(CCI) [13]. Both groups were compared in terms of pre-
operative demographic variables, Dorr classification [14],
length of hospital stay, preoperative Harris hip score
(HHS) [11], WOMAC index [9], and SF-36 score [10].
Surgical-related parameters were also evaluated includ-
ing femoral head diameter, femoral stem offset, bearing
surface, operative time, and estimated blood loss. The
estimated blood loss was calculated according to

Fig. 1 The flow diagram shows patient enrollment, allocation, follow-up, and analysis
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Nadler’s blood volume formula [15] and Gross’ blood
loss formula [16]. All patients were available for follow-
up examination at 3 months, 6 months, 1 year, and 2
years postoperatively. All the data were obtained by one
observer (K.S.) who was not part of the surgical team.
Each postoperative visit included clinical and radio-
logical examination with AP and frog leg lateral views of
the pelvis (Table 1).

Patient-reported outcome measures
All eligible patients completed the WOMAC and SF-36
questionnaires as well as the Harris Hip Score. The
WOMAC index, validated in osteoarthritis patients, is a
health status questionnaire used to assess pain, stiffness,
and function with a varying number of questions for each
area (five, two, and seventeen, respectively). It consists of
24 questions in total, assessing the extent of functional
limitations in performing a range of daily activities. Re-
sponses are provided on a 5-point Likert-type scale. The
responses are scored 0–4 on an ordinal scale and include
none, mild, moderate, severe, and extreme. Scores range
from 0 to 96 for the total WOMAC, with higher scores in-
dicating worse pain, stiffness, and function.
Overall mental and physical wellbeing was checked ac-

cording to the SF-36 score. The test specifically covers

eight distinct areas: physical functioning (PF), role limi-
tations due to physical health (RP), bodily pain (BP),
general health (GH), vitality (VT), social functioning
(SF), role limitations due to emotional health (RE), and
mental health (MH) with a score given for each domain
from a composite of 36 questions. Scores are stratified
from extreme symptoms/poor health) to 100 (no symp-
toms/perfect health).
The HHS is a clinician-based hip joint-specific meas-

ure, covering domains such as pain, function, absence of
deformity, and range of motion. Scores from each do-
main are summed to give a total ranging from 0 to 100,
where higher scores indicate better outcome.

Reporting complications/patient satisfaction
All intra-operative and post-operative complications
were documented. At 1- and 2-year appointments, pa-
tient satisfaction [17, 18] was assessed and categorized
as overall satisfaction, satisfaction with pain relief,
functional improvement to perform daily activities,
and satisfaction with ability to perform recreational
activities. Patients were classified as very satisfied,
somewhat satisfied, somewhat dissatisfied, and dissat-
isfied. Clinical evaluation included also the presence
or absence of thigh pain.

Fig. 2 Design features of the femoral stems analyzed in the study

Table 1 Time schedule and outcome measurements pre-operatively and at 3, 6, 12 and 24 months postoperatively

Outcome measure Specification Score Assessment times

Pre-op 3 months 6 months 1 year 2 years

Patient-reported outcome measures

WOMAC General joint pain 0-96 √ √ √ √ √

SF-36 General health status 0-100 √ √ √ √ √

Hip Joint-specific measures

Harris Hip score Joint specific score 0-100 √ √ √ √ √

Other

Complications Surgical √ √ √ √

Self-administered patient satisfaction Satisfaction √ √
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Radiographic evaluation
All antero-posterior pelvis radiographs were obtained in
a similar manner with both legs internally rotated 15°
and with bony landmarks (teardrop and lesser trochan-
ter) clearly visible. All radiographic measurements were
performed with Autocad Mechanical Version 2015 soft-
ware. To test the reliability of the measurements, all ra-
diographs were reviewed by two independent examiners.
Radiographs were calibrated and corrected for any mag-
nification based on the known size of the femoral head.
Femoral prosthesis fitting, alignment, and stability were
assessed. Varus, valgus, or neutral implant position was
checked at the first postoperative radiological assessment
by measuring the angulation between the longitudinal
axis of the stem relative to the axis of the femoral shaft.
Stem alignment was considered normal if its deviation
from the axis of the femoral shaft was 5° or less. Varus
or valgus inclination of the stem higher than 5° was de-
fined to be malpositioned [19–21]. Stem subsidence was
evaluated by measuring the distance between the tip of
the greater trochanter and the shoulder of the prosthesis
(Fig. 3). In both groups, all follow-up radiographs were
examined for signs of bony ingrowth or signs of loosen-
ing and were classified as osseointegrated, fibrous stable,
or unstable [22]. Indicators of instability were also
assessed. A progressive axial subsidence of >3 mm, a
varus or valgus shift of > 3°, and the detection of a
complete radiolucent line surrounding the surface on
both the anteroposterior and the lateral radiographs
were considered signs of possible loosening [19–21, 23,

24]. Pedestal formation, hypertrophies, atrophies, seam
formations and spot welds, and sclerotic lines in the
form of a neocortex as well as periarticular ossifications
according to Brooker’s classification [25] were also
recorded.

Statistical analysis
For sample calculation, the minimal clinically important
differences (MCID) have been previously reported at 25
points for the WOMAC score, 20 points for the HHS,
and 12% difference for the SF-36 score. In order to
achieve an 80% power or better, the effect size is ex-
pected to lie between 0.25 and 0.6, suggesting a sample
size of 45 patients in each group [26].
All quantitative variables were initially tested for nor-

mality with the Shapiro-Wilk test, and subsequently,
their values were grouped using the two subtypes, Tri-
Lock BPS, and Minima S and were compared. The com-
parison was performed using Student’s t test for para-
metric variables, or Wilcoxon’s rank-sum test for non-
parametric variables. A set of baselines versus consecu-
tive follow-up comparisons were executed with Student’s
paired t test/Wilcoxon’s signed-rank test, depending
again on the normality of the variables. All qualitative
variables were checked for a potential association with
the subtype, Tri-Lock BPS or Minima S, using Pearson’s
chi-squared test of independence. Finally, in order to de-
termine reliability of two independent measurements by
corresponding observers, intraclass correlation coeffi-
cient I was calculated. Statistical tests were two-sided

Fig. 3 AutoCAD template image on the AP pelvis radiograph showing subsidence calculation and the measurements of stem coronal alignment
(angle between the longitudinal axis of the stem—green line, indicated on templates provided by the manufacturer, relative to the axis of the
proximal femoral shaft—blue line). Radiographs were calibrated based on the known size of the femoral head. a Tri-Lock BPS. b Minima S
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and statistical significance was taken when p<0.05. Stat-
istical analysis was performed with the R language and
the RStudio IDE, both of which are open-source
products.

Results
Preoperative baseline characteristics of both groups were
similar, and no significant differences were recorded in
demographic or surgical-related parameters (Table 2). In
the Tri-Lock BPS stem group (group A), there were 16
men and 29 women with a mean age of 63.89±8.56 years
whereas in the Minima S stem group (group B), there
were 23 men and 22 women with a mean age of 63.49±
8.16 years (p<0.805). The predominant diagnosis in both
groups was primary osteoarthritis (68.89% and 66.67%,
respectively). The morphology of the proximal femur ac-
cording to the Dorr classification was not significantly
different between the 2 groups.
The baseline WOMAC score was similar between the

two groups. At 3 months after THA, WOMAC scores
were significantly improved relative to before surgery
but no significant differences were recorded between
groups. In the consecutive evaluations during follow-up,
no significant differences in WOMAC scores were found
in the Tri-Lock compared to the Minima S group. From
6 months of follow-up onwards, no significant further
improvement was noticed in WOMAC scores (Fig. 4,
Table 3).
No statistically significant differences in SF-36 scores

between the study groups preoperatively and during the
follow-up period were found. Both groups demonstrated
a similar improvement in each domain of this parameter
at 2-year follow-up relative to before surgery. For the
majority of these outcomes, statistically significant im-
provements were found up to 3 months (p<0.001 in both
groups) compared to the baseline. Since then, the scores
remained stable without further improvement (Fig. 5,
Table 3).
Preoperative Harris hip score was not significantly dif-

ferent between the two groups. Harris hip scores signifi-
cantly improved in both groups with the most marked
improvement achieved within the first 3 months after
THA, in comparison to the baseline values (p<0.001 in
both groups). Patients continued to improve in HHS
scores up to the first 6 months after surgery, and no fur-
ther improvement was noticed during the next follow-
up examinations. Moreover, no significant differences in
the Harris hip score were found between the two groups
at any follow-up appointment (Fig. 6, Table 3).
Data from Patient Satisfaction Questionnaire showed

that patients’ overall satisfaction related to the hip surgery
and subsequent pain relief was at the highest level of scor-
ing system in both groups. The ratings were also very high
and did not differ between the groups regarding

satisfaction performing either daily or recreational activ-
ities with 88.9% and 86.7% of patients being “very satis-
fied” or “somewhat satisfied” at 2 years of follow-up, in
groups A and B, respectively. In all aspects of satisfaction
questionnaire, no further improvement was recorded be-
tween the two assessment points (Table 4).
Overall, there was no significant difference in the inci-

dence of complications between the two groups. No
intra-operative complications were recorded in either
group. There were two early superficial infections in
group A (4.4%) and one in group B (2.2%) (p=1). These
were treated with intravenous antibiotics for 2 weeks
and settled unremarkably. Two patients in group A
(4.4%) complained for thigh pain, rated 3 and 4 accord-
ing to VAS (visual analogue scale) pain scale, at 3
months post-surgery that being resolved at the following
appointment. One patient (2.2%) in group B reported
anterior thigh pain and scored 3 points at VAS at 2 years
of follow-up. In this case, femoral stem had 1.39° valgus
position, and a grade 2 stress shielding effect was noted
but without evidence of other periprosthetic bone alter-
ations up to the last follow-up. There was no significant
difference in the incidence of this complication between
both groups (p=1). In the Tri-Lock BPS group, 6 (13.3%)
patients developed heterotopic ossifications (HO); 5 pa-
tients at 3 months and 1 patient at 6 months postopera-
tively, all classified as Brooker class I. In two of them, a
further progression to Brooker class II and III HO in re-
spect was found at 1 year and remained stable thereafter.
In the Minima S group, 3 (6.7%) patients developed het-
erotopic ossifications class I; 1 case at 3 months and 2
cases at 6 months, without further progression up to the
last follow-up. All cases in both groups were asymptom-
atic without functional limitations and were treated con-
servatively. There was no statistically significant
difference in the HO incidence between the two groups
(p=0.521). There were no cases of aseptic loosening in
either group within the 2 years of follow-up.
Interobserver reliability was assessed and found to be

almost perfect for the quantitative radiographic mea-
surements (ICC=0.99). The alignment of the femoral
component, the subsidence of the femoral component,
the presence of radiolucent lines, and stress shielding-
induced bone alterations were assessed during the
follow-up period. In group A, the stem was positioned
slightly varus (mean angle 0.98°±0.66) in 23 (51.1%) pa-
tients and slightly valgus (mean angle, 0.97°±0.5) in 6
(13.3%) patients. In the remaining 16 (35.6%) patients,
the Tri-Lock BPS stem was implanted in the exact neu-
tral position. In group B, the stem was placed at slight
valgus or varus in 27 (60%) and 18 (40%) patients, re-
spectively, with a mean valgus angle of 1.12° (±0.56) and
a mean varus angle of 1.16° (±0.94). An exact superim-
posable position of the anatomical femoral axis with the
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alignment axis of the implant was not noticed in any
Minima S implanted cases. In terms of femoral compo-
nent alignment, statistically significant differences were
noted between the study groups (p<0.001). Nevertheless,
no case of stem malposition was recorded in neither

group. The relative changes in coronal alignment be-
tween the initial postoperative radiographs and the last
follow-up radiographs were minimal in both groups. An
angle difference of 0.29° (±0.43) and 0.24° (±0.23) was
recorded in group A and group B, respectively (p=

Table 2 Baseline characteristics of the two stem groups

Parameters Group A Group B P value

No. of patients (hips) 45(45) 45(45) -

Gender, no. (%) 0.202 c

Male 16 (35.56) 23 (51.11)

Female 29 (64.44) 22 (48.89)

Age (years) d 63.89 ±8.56 63.49±8.16 0.805 b

Weight (kg) d 80.29±14.06 81.28±14.83 0.942 b

Height (m) d 1.68±0.08 1.69±0.1 0.764 a

BMI (kg/m2) d 28.45±4.95 28.52±4.31 0.869 b

CCI d 2.38±1.21 2.2±1.16 0.541 b

Femoral canal (Dorr type), No. (%) 0.672 c

Type A 12 (26.67) 14 (31.11)

Type B 28 (62.22) 24 (53.33)

Type C 5 (11.11) 7 (15.56)

Principal diagnosis, no. (%) 0.519 c

Osteonecrosis 2 (4.44) 0 (0)

DDH 8 (17.78) 10 (22.22)

Osteoarthritis 31 (68.89) 30 (66.67)

Traumatic arthritis 4 (8.88) 4 (8.88)

Rheumatoid arthritis 0 (0) 1 (2.22)

Side, no. (%) 0.397 c

Right 22 (48.89) 27 (60)

Left 23 (51.11) 18 (40)

Length of hospital stay (days) d [min., max.] 4.47 (0.99)
[2, 7]

4.4 (0.75)
[3, 6]

0.719 b

Estimated blood loss (ml) d [min., max.] 1037.58 (156.85)
[613.14, 1245.39]

994.01 (216.01)
[545.86, 1530.17]

0.276 a

Operation time (minutes) d [min., max.] 64.6 (15.67)
[40, 95]

60.18 (12.78)
[42, 95]

0.146 a

Femoral stem offset, no. (%) 0.139 c

Standard 20(44.44) 28 (62.22)

High 25(55.56) 17(37.78)

Bearing surface, no. (%) 0.80 c

Ceramic on ceramic 36 (80) 34(75.55)

Ceramic on polyethylene 9(20) 11(24.45)

Femoral head size, no. (%) 0.673 c

32mm 22(48.89) 25(55.56)

36mm 23(51.11) 20(44.44)
aStudent’s t test
bWilcoxon’s rank-sum test
cPearson’s chi-squared test
dThe value is given as the mean and standard deviation
No. number, BMI body mass index, CCI Charlson’s Comorbidity Index, DDH developmental hip dysplasia

Tatani et al. Journal of Orthopaedic Surgery and Research          (2021) 16:316 Page 7 of 14



0.174). At the last follow up, a mean subsidence value of
0.87 (±0.56) mm and 0.80 (±0.69) mm was observed
compared to the baseline measurements, in the groups
A and B, respectively. No statistically significant differ-
ence in this parameter was noted between study groups
(p=0.305). Neither group of patients presented stem sub-
sidence greater than 3 mm. On the contrary, a statisti-
cally significant difference between the two groups was
recorded in terms of the incidence of stress shielding
phenomenon (p=0.015). At the last follow-up, in group
A, analysis of the calcar region showed that 21 (46.67%)
and 5 (11.11%) patients had grade 1 and grade 2 stress
shielding effect, respectively. In group B, 12 (26.67%) pa-
tients demonstrated slight rounding of the proximal-
medial edge of the osteotomized femoral neck, related to
grade 1 stress shielding effect and only one patient had
grade 2. No hip in either group exhibited grade 3 or
higher stress shielding. The incidence of stress shielding
phenomenon showed no statistically significant correl-
ation with the observed deviations of coronal stem align-
ment (p=0.914, in group A and p= 0.094, in group B).
Osseointegration was seen in all the femoral and acetab-
ular components in both groups. No radiographic evi-
dence of periprosthetic osteolytic lesions was detected
and no patient required revision surgery for aseptic loos-
ening throughout the entire follow-up period. No radio-
lucent lines were detected around the surface of any
acetabular or femoral components on the AP or lateral
radiographs. We recorded two cases (4.4%) of pedestal
formation and one case (2.2%) of cortical hypertrophy
located in Gruen zone 5, in the Tri-Lock BPS implanted
group. There was no correlation between the incidence
of periprosthetic bone alterations and stem alignment
deviations (p=0.558) or the occurrence of thigh pain (p=
0.818). No similar radiographic alterations were detected

in the Minima S implanted group. Representative cases
are illustrated in Figs. 7 and 8.

Discussion
To our knowledge, this is the first study that directly
compares different design short femoral stems, classified
to the same main category as type 4 according to Kha-
nuja et al. [5], in a randomized fashion using validated
clinical measurement tools. More specifically, we de-
cided to assess the clinical and radiological outcomes
after the implantation of the newly introduced short
stem, Minima S, for which clinical performance data are
sparse in the literature [27] with an older generation
short stem, the Tri-Lock BPS, with an established record
of performance in short to midterm follow-up [28–30].
We have also summarized the short-term implant re-
lated complications.
Both patient groups demonstrated significant improve-

ment in terms of functional scoring (HHS, WOMAC,
and SF-36) up to 6 months of follow-up compared to
the baseline measurements, but no further improvement
was noticed at the consecutive follow-up examinations
up to 2 years of follow up. HHS, WOMAC, and SF-36
scores reached and remained throughout the remaining
follow-up in a plateau state of high values. This observa-
tion is consistent with previous studies reporting on the
ceiling effect presented by several PROMs (patient-re-
ported outcome measurements) [31, 32]. However, in
this study, we did not find a significant difference in
these outcomes between the two study groups at any
time point. Therefore, no evidence of important clinical
difference in the short-term outcome could be provided
from the comparison of these two short femoral stems.
According to the review study reported by Khanuja

et al. [5], in 3 reports [33–35] involving 294 hips

Fig. 4 WOMAC scores preoperatively and at 3, 6, 12, and 24 months postoperatively
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implanted with type 4 short femoral stems, the mean
Harris hip score was 93 points. According to a recent
systematic review [3] focused on short metaphyseal load-
ing cementless stems, types III or IV by Khanuja et al.
[5], the mean Harris Hip Score and WOMAC score im-
proved from 46 (0 to 100) to 92 (39 to 100) and from 54
(2 to 95) to 22 (0 to 98), respectively. In the recent study
of Ulivi et al. [28], reported on Tri-Lock BPS femoral
stem, HHS increased from a mean of 27.29 (±4.6) pre-
operatively up to 97.28 (±9.0) at 5 years in a cohort of
163 consecutive patients. Drosos et al. [27] published fa-
vorable short-term clinical results after the implantation
of Minima S stem in 61 patients, with an improvement
in HHS from 58.7 preoperatively to 95.1 postoperatively

at a mean follow-up of 2.8 years. These clinical results
are consistent with the clinical scores noted in the
present study. Specifically, we recorded an improvement
in the mean HHS from 46.63 (±11.2) and 48.8 (±12.35)
preoperatively to 95.38 (±2.98) and 96.03 (±3.56) at 2
years, in Tri-Lock BPS and Minima S groups, respect-
ively. Similarly, WOMAC scores improved from 66.42
(±13.4) and 66.36 (±15.71) to 8.2± (3.13) and 7.49 (±
3.23) at the last follow-up. These results are considered
undoubtedly in line with the expectations of the modern
THA.
Regarding the incidence of complications, there were

no significant differences between the two study groups.
Two patients in group A complained of thigh pain at 3

Fig. 5 Assessment of each domain of SF-36 score in both groups preoperatively and at 24 months postoperatively

Fig. 6 Harris Hip Scores in both groups preoperatively and at 3, 6, 12, and 24 months following implantation
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months that resolved up to the next appointment. Only
1 patient (2.2%) in group B had persistent thigh pain at
the last follow-up. In our study, the low incidence of
thigh pain is in accordance with the previous systematic
review of Lidder et al. [3] on short metaphyseal femoral
stems, reporting an incidence of 0.19% (range 0 to 6.9%).
On the contrary, Amendola et al. [29], in 261 hips im-
planted with the Tri-Lock BPS, showed high incidence
(22.6% of patients) of thigh pain although the HHS im-
proved from 47 to 88. To our knowledge, there are no
similar studies on metaphyseal fitting short stems,
reporting such high rates in the incidence of this compli-
cation. In agreement with previous studies [3, 5, 28], that
have reported a low incidence of periprosthetic fractures
with these types of stems, in this study, no cases of peri-
prosthetic fractures were observed in neither group.
In this study, regarding coronal alignment, no case of

stem malposition was recorded in neither group.

Nevertheless, statistically significant differences were
noted between the study groups (p<.001) in this radio-
logical parameter. In group A, the stem was placed in
slight varus (mean angle of 0.98°) and valgus (mean
angle of 0.97°) position in 51.1% and 13.3% of patients,
respectively. In 35.6% of patients, Tri-Lock BPS stem
was implanted in the exact neutral position. The Minima
S stem was implanted at slight varus (mean angle of
1.16°) and valgus (mean angle of 1.12°) in 60% and 40%
of patients, respectively. In group B, neither stem was
placed in the exact neutral position. We believe that the
shorter design of the Minima S implant and its limited
extension to the proximal diaphysis compared to the
Tri-Lock BPS stem interprets the discrepancies observed
in the coronal alignment of this implant. However, the
minimal reported differences in terms of alignment for
both femoral stems had no effect on implants’ survival
and patient-reported outcomes. Generally, a particular

Table 4 Level of patient satisfaction postoperatively

12 months P
value*

24 months P
value*Group A Group B Group A Group B

Q1“Overall how satisfied are you with the results of your hip
replacement surgery?”
VS, SS/SD, D (n/n, %/%)

45/0
(100/0)

45/0
(100/0)

1 45/0
(100/0)

45/0
(100/0)

1

Q2“How satisfied are you with the results of your hip replacement
surgery for relieving your pain?”
VS, SS/SD, D (n/n, %/%)

45/0
(100/0)

45/0
(100/0)

1 45/0
(100/0)

45/0
(100/0)

1

Q3 “How satisfied are you with the results of your hip replacement
surgery for improving your ability to do home or yard work?”
VS, SS/SD, D (n/n, %/%)

44/1
(97.8/2.2)

44/1
(97.8/2.2)

1 44/1
(97.8/2.2)

44/1
(97.8/2.2)

1

Q4 “How satisfied are you with the results
of your hip replacement surgery for
improving your ability to do recreational activities?”
VS, SS/SD, D (n/n, %/%)

38/7
(84.4/15.6)

37/8
(82.2/17.8)

1 40/5
(88.9/11.1)

39/6
(86.7/13.3)

1

*Chi-square test
Q question, n number, VS very satisfied, SS somewhat satisfied, SD somewhat dissatisfied, D dissatisfied

Fig. 7 Anteroposterior pelvis radiographs of a 59-year-old woman who underwent a right total hip arthroplasty with the Tri-Lock BPS. a First day,
b 6 months, c 1-year, and d 2 years postoperatively. Grade 1 stress shielding effect was noted 2 years after implantation
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concern has been raised with short stem implants re-
garding the higher rate of coronal malalignment com-
pared to the conventional standard length femoral
implants [5]. The fact is that short stems lack appropri-
ate distal extension into the diaphysis and therefore pre-
vent the surgeon from guiding them correctly during
implantation [36]. According to the systematic review
conducted by Lidder et al. [3], regarding the alignment
deviations of the short components from the neutral
axis, there were no significant differences in survivorship
and clinical outcomes between the varus aligned compo-
nents compared to those in a neutral position. Neverthe-
less, looking ahead and taking into consideration the
short to midterm results of short femoral components,
further investigation into the prevalence and long-term
consequences of this notable parameter is required.
Because the presence or absence of signs of instability

was of particular concern in this study, we assessed the
subsidence as well as the relative changes in stem align-
ment between the initial postoperative and the last
follow-up radiographs. No statistically significant differ-
ences in these parameters were noted between the study
groups. In both groups, the observed values of subsid-
ence and angle difference of coronal alignment are con-
sistent with previous results [27, 28, 30] and below the
previously stated thresholds for loosening [37, 38]. Fur-
thermore, all femoral components were considered
osseointegrated in both groups, without evidence of
periprosthetic osteolytic lesions at the last follow-up.
In the present study, there was a statistically significant

difference between the two groups in terms of the inci-
dence of stress shielding phenomenon (p=0.015). At the
last follow-up, the analysis of the calcar region showed
that 57.8% patients in group A and 28.9% in group B
had grades 1 or grade 2 stress shielding. No hip in either
group exhibited grade 3 or higher stress shielding. These

results are in agreement with previous reports focused
on the radiological outcomes of these particular femoral
stems. Drosos et al. [27] noted proximal femoral stress
shielding grade 1 in all enrolled patients undergone
THA with the Minima S femoral stem. Yu et al. [39]
published on 55 hips implanted with Tri-Lock BPS and
found grade 1 stress shielding effect in all consecutive
patients. Amendola et al. [29] reported similar findings
in a series of 212 Tri-Lock BPS implanted hips. Further-
more, the results of the present study are in line with
the conclusions of our previous experimental investiga-
tion [40], focused on the biomechanical behavior of the
Tri-Lock BPS and Minima S femoral stem using digital
image correlation. We demonstrated that stress shielding
effect cannot be avoided since a proximal unloading of
the femur was noted after the implantation of both short
stem designs. However, the specific dissimilarities in
strain distributions induced after the implantation of
each prosthesis due to their design specific variations
did not induce a clinical visible impact on the radio-
logical parameters investigated in the current compara-
tive clinical study.
We are aware of several limitations in this study. At

first, we are not able to draw conclusions about the
long-term performance of these femoral stems due to
the short-term follow-up period. Nevertheless, in ac-
cordance with previous studies [41–44], key parameters
to achieve a long-term stable fixation are considered to
be the initial fitting and the prevention of early progres-
sive migration of the prosthesis. Furthermore, the fact
that many innovative hip implants have been easily
adopted in clinical practice without sound premarketing
testing supports the need for prospective high-quality
studies enabling the detection of early failures or at least
the evaluation of their short-term clinical performance.
Additionally, we conducted a qualitative assessment of

Fig. 8 Anteroposterior pelvis radiographs of a 61-year-old man who underwent a right total hip arthroplasty with the Minima S stem. a First day,
b 6 months, c 1 year, and d 2 years postoperatively. Grade 1 stress shielding effect was noted postoperatively at 1 and 2 years after implantation
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bone remodeling and stress shielding effect from plain
radiographs that lack the quantitative accuracy of radio-
stereometric analysis (RSA) [45, 46] and dual-energy X-
ray analysis (DEXA) [47]. However, we used an estab-
lished grading system that enables the evaluation of bone
remodeling on plain radiographs [48]. We also acknow-
ledge that the determination of subsidence and coronal
alignment of the implanted stems could be biased by the
variability of radiographic quality and observer interpre-
tations. In this study, interobserver reliability was
assessed and found to be almost perfect for all radio-
graphic measurements. Another weakness of this study
is that all operations were performed by a single experi-
enced surgeon in a single center, and thus, the reported
results could potentially reflect one surgeon’s experience.
For this reason, further multicenter studies are needed
for more consistent results.

Conclusions
In conclusion, both type 4, different design short femoral
stems demonstrated excellent clinical performance and
very low incidence of complications up to 2 years of
follow-up without any evidence of differences in patient-
reported outcomes. In both groups, stable fixation and
radiographic osseointegration were achieved, with no
cases of aseptic loosening, progressive radiolucent lines,
or periprosthetic osteolysis. Although our results are in
accordance with previous reports, concerns have been
raised regarding the incidence of stress shielding
phenomenon and mild discrepancies in coronal stem
alignment during implantation. Further multicenter
studies with larger cohorts and longer follow-up are
needed to evaluate the clinical impact of these concerns
if any and also the long-term performance and survivor-
ship of short femoral stems.
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