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Abstract

Objective: Total hip arthroplasty (THA) involves postoperative risks, such as thigh pain,

periprosthetic fractures, and stress yielding. Short, anatomical, metaphyseal-fitting, cementless

femoral stems were developed to reduce these postoperative risks. This study aimed to examine

the “MiniMAX” prosthesis, which is a new generation, short, anatomical femoral stem made by

Medacta.

Methods: Patients underwent a low-dose computed tomography scan. Femoral anteversion was

measured. We assessed the position and anteversion of the femoral component and compared

them with the unoperated side. We also assessed the patients’ satisfaction and functional levels at

6 months postsurgery using the Harris Hip Score (HHS) and the Oxford Hip Score (OHS).

Results: Nineteen individuals were recruited in this study. We found no significant difference in

femoral anteversion between the operated hip and the native hip. Using the HHS and OHS

questionnaires, we found clinical improvement in the 6-month postoperative scores compared

with the preoperative scores.

Discussion: The new-generation, short, anatomical femoral stem made by Medacta is successful

in reproducing natural femoral anteversion, while also improving patients’ functioning and

lifestyle. Future large-scale, prospective comparison trials are required to further investigate

this topic.
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Introduction

Cemented and cementless total hip arthroplasty
(THA) achieves good results.1–8 Nevertheless,
thigh pain, periprosthetic fractures, and
stress yielding are still potential postopera-
tive risks.5–8 To reduce these risks, short,
anatomical, metaphyseal-fitting, cementless
femoral stems were developed. The absence
of diaphyseal anchorage aims to achieve
more proximal load transfer, reduce stress
shielding and thigh pain, and preserve more
diaphyseal bone for future revisions.9–18

When comparing short with conventional-
length, cementless, anatomical femoral
stems, the results are promising in achieving
these goals.11,13,19

Current surgical recommendations
regarding the positioning of the femoral
component in THA are to restore the
offset and the natural anteversion of the
femur in normal femoral anatomy.20 Dorr
et al.21 noted that the femoral stem position
is predetermined by the femoral canal
shape. However, little is known about the
relationship between native anteversion of
the unoperated femur compared with ante-
version achieved in surgery.

There have been limited and contradict-
ing data on successful reconstruction of
natural femoral anteversion in THA sur-
gery.22–24 Therefore, this study aimed to
examine the “MiniMAX” prosthesis
(Medacta International, Castel San Pietro,
Switzerland), which is a new-generation,
short, anatomical femoral stem.25 We also
investigated patients’ satisfaction 6 months
postsurgery using the Harris Hip Score
(HHS) and the Oxford Hip Score (OHS)
to assess function, quality of life, and pain.

Patients and methods

The reporting of this study conforms to the
STROBE guidelines.26 The inclusion crite-
ria were patients aged from 18 to 90 years
who underwent elective THA from 2018 to
2020 with the MiniMAX short, anatomical
femoral stem. All patients were operated on
by the same joint replacement specialist
using the antero-lateral approach.
Exclusion criteria were patients who under-
went THA in the past on the contralateral
side, revision surgeries, disruption of the
posteromedial cortex or lateral cortex of
the femur, and patients who were not
able to or capable of providing consent.
Ethical approval was obtained from the
Institutional Review Board of Emek
Medical Center, Afula, Israel (25.6.2019;
approval number: 0100-19-EMC; NIH
No. NCT04243980). Written informed con-
sent was obtained from the patient for their
anonymized information to be published in
this article.

The MiniMAX stem is anatomically
designed, cementless, collarless, and made
of titanium-niobium alloy (Ti-6Al-7Nb).
This stem is coated with hydroxyapatite
(Ra 80 lm) all along the shaft and there is
titanium coating (Ra 300 lm) in the proxi-
mal two thirds of the shaft. The neck has a
127� neck–shaft angle with an anteversion
of 9� (Figures 1, 2). MiniMAX stems
can be classified as type 6 according to
Khanuja et al.27

After signing consent forms, the patients
underwent a low-dose computed tomogra-
phy (CT) scan from the level of the acetab-
ular roof until the level of the lesser
trochanter, with a total of 10 cm in
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length. A low-dose CT scan was also per-
formed at the level of the femoral condyles.
The CT scans were conducted during one of
the routine follow-up visits.

Femoral anteversion was measured by
one fellowship-trained musculoskeletal
radiologist specialist. The neck horizontal
angle and the condyle horizontal angle

were measured to calculate the femoral

anteversion (Figures 3–5). In cases where

the femoral neck and condyle were rotated

in opposite directions, the femoral antever-

sion was the sum of both angles. When both

angles were rotated in the same direction,

the femoral anteversion was the difference

between both angles.
In addition to the low-dose CT scans,

patients were asked to fill out two question-

naires, which were the Oxford Hip Score

(OHS) and the Harris Hip Score (HHS).

The OHS is a joint-specific, patient-

reported measurement tool designed to

assess disability in patients undergoing

THA.28 The OHS was originally developed

in 199629 and updated in 200730 The most

current scoring system is based on 12 ques-

tions regarding pain and function over the

past 4 weeks. Forty-eight is the maximum

score on the questionnaire, and it represents

the highest level of functioning along with

the least amount of pain, while zero repre-

sents the worst possible score.30 The HHS is

a questionnaire filled out by the surgeon

and patient together. The HSS uses a scor-

ing system where 100 represents the highest

functioning hip joint, and zero indicates the

Figure 2. (a, b) Postoperative X-ray of the prosthesis.

Figure 1. Photograph of the MiniMAX stem.
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lowest functioning hip joint. We used these

questionnaires to measure the patients’ sat-

isfaction regarding their function, pain, and

quality of life. We compared preoperative

scores with the 6-month postoperative

scores.

Categorical variables are shown as per-

centages, and continuous variables are rep-

resented by the standard distribution

indices. Differences in continuous variables

were tested using the paired t test or the

Wilcoxon signed rank test. McNemar’s

Figure 3. Measurement of the left neck–condyle angle. (a) Condyle horizontal angle. The condyle is
rotated laterally. (b) Neck horizontal angle. The neck is rotated medially. Because the neck and condyle are
rotated in the opposite directions, the neck–condyle angle (femoral anteversion) is the sum of both angles
(9þ 29¼ 380).

Figure 4. Measurement of the right neck–condyle angle. (a) Condyle horizontal angle and (B) neck
horizontal angle. Because the neck horizontal angle is “0”, the neck–condyle angle (femoral anteversion)
is 200.
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test was performed to analyze categorical

variables. All data were analyzed using

SAS 9.4 software (SAS, Cary, NC, USA).

Statistical significance was accepted to

be P< 0.05.

Results

Between 2018 and 2020, 19 individuals were

recruited into our prospective study. There

were 9 men and 10 women aged from 27 to

83 years, with a mean (standard deviation)

age of 59.2� 17.5 years. All patients except

for five suffered from primary osteoarthri-

tis. The remaining five suffered from avas-

cular necrosis of the femoral head.
With regard to radiological parameters,

we found that the acetabular inclination

angle was significantly lower (P¼ 0.003)

and the neck horizontal angle was signifi-

cantly higher (P¼ 0.004) in the operated

side than in the non-operated side. These

differences were caused with intent by the

surgeon based on his preference when

placing the acetabular component. We

found no significant difference in femoral

anteversion, which represents successful

reconstruction of femoral anatomy after

THA using a short anatomical femoral

stem, between the operated and non-

operated sides (Table 1, Figure 6).
When we compared the mean femoral

anteversion between the operated and

unoperated sides, we found a 1.3� differ-

ence. As stated above, this difference was

not significant. The mean neck–shaft angle

on the unoperated side was 128.79� � 4.79�

compared with 130.99� � 5.9� on the oper-

ated side, with no significant difference

between the sides.
When we analyzed the HHS and OHS

questionnaires (Table 2), we found signifi-

cant clinical improvement in the 6-month

postoperative scores compared with the

preoperative scores (both P< 0.001). At

the 6-month follow-up, we did not find

any complications.

Discussion

Short versus conventional-length, cement-

less, anatomical femoral stems show

Figure 5. Measurement of the left neck–condyle angle. (a) Condyle horizontal angle. The condyle is
rotated medially. (b) Neck horizontal angle. The neck is rotated medially. Because the neck and condyle are
rotated in the same direction, the neck–condyle angle (femoral anteversion) is the difference between both
angles (21� 3¼ 180).
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promising results.11,13,19 With regard to the

preservation of bone mass density, short

femoral stems appear to be superior to

conventional-length stems.31,32

One important aspect involved in suc-

cessful THA surgery is component position-

ing. Malposition is recognized as a major

determinant of instability in an artificial

hip, and it may lead to bony and prosthetic

impingement, which precedes the majority

of dislocations after THA.20 Anisha et al.

performed computer simulations in a wide

range of activities in cadavers after THA.20

They concluded that in the absence of overt

femoral or acetabular deformity, prosthetic

impingement is minimized by the restoration

of femoral offset and natural anteversion.
There are limited and contradicting data

regarding successful restoration of natural

femoral anteversion. A study by Emerson
et al. reported that a canal-filling, press-
fit, long femoral component showed a
wide variation of postoperative component
anteversion with most stems placed in
increased anteversion compared with the
anatomical head.22 They offered a possible
explanation for their findings as follows.
Because the shape of the femoral canal
determines the anteversion of the stem in
the setting of a canal-filling stem, and the
canal is more anteverted at the level of the
lower neck and intertrochanteric region
compared with the area of the head, post-
operative femoral anteversion is increased.
The authors concluded that the surgical
technique may need to be adjusted for this
femoral anteversion if it causes intraopera-
tive impingement or instability. Similar
discrepancies were found in a study by
Reikeras et al. who used a straight, press-
fit, long femoral stem, where the intraoper-
ative estimation of femoral and acetabular
anteversion in many cases was inadequate
in relation to the intended range of 10� to
30� of anteversion.23 However, Sue et al.
observed the positioning of the femoral
stem and its correlation with true antever-
sion of the contralateral side using postop-
erative CT scanning.24 They showed that
anteversion was compatible with true fem-
oral anteversion.

In our study, we investigated postopera-
tive femoral anteversion using a new-
generation, short, anatomical femoral

Table 1. Comparison of radiographic parameters between the non-operated side and the operated side.

Non-operated side n¼ 19 Operated side n¼ 19 P value

Horizontal offset 49.22� 5.16 [50.00] 47.30� 8.96 [47.40] 0.306

Neck–shaft angle 128.79� 4.79 [128.52] 130.99� 5.91 [132.15] 0.182

Femoral anteversion 16.47� 8.13 [16.00] 17.79� 7.63 [18.00] 0.459

Neck horizontal angle 10.63� 6.79 [12.00] 18.11� 8.74 [19.00] 0.004

Condyle horizontal angle 9.37� 8.08 [6.00] 7.95� 5.06 [7.00] 0.406

Acetabular inclination 38.71� 6.99 [37.52] 32.49� 7.16 [32.96] 0.003

Data are mean� standard deviation [median].

Figure 6. Mean femoral anteversion on the
non-operated side compared with the operated
side. There was a difference of 1.3�.
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stem. To the best of our knowledge, this is

the first study to examine this topic using a

short, anatomical femoral stem. Previous

studies used standard-length femoral

stems.21–24 When we compared the operat-

ed hip with the native hip, we found an

approximately 1� difference between the

sides. Therefore, we succeeded in reproduc-

ing natural femoral anteversion.
Similar to many other studies on THA

surgery,1–8 we assessed the patients’ satis-

faction using OHS and HHS scores. We

found a significant improvement in both

scores postoperatively. The association

between successful restoration of natural

femoral anteversion as an isolated parame-

ter and its effect on patients’ satisfaction

has yet to be studied. Combined antever-

sion and optimal positioning of the acetab-

ular and femoral components has been

studied by many authors, and the stem

and cup should provide a mean combined

anteversion of approximately 37.5� (range:

25�–50�) to avoid impingement and/or

dislocation.21,33,34

As mentioned above, the surgical tech-

nique may need to be adjusted when natural

femoral anteversion is not restored owing

to intraoperative impingement or instabili-

ty.22 Our study suggests that there is no

need for intraoperative adjustments in the

surgical technique when inserting the

MiniMAX short femoral stem.
This study has certain limitations. First,

our study population was relatively small.

Second, although all the data were collected

prospectively, the study was not random-

ized, and there was no control group in

which a different component or different
surgical technique was used to compare
outcomes.

In conclusion, this is the first study to
determine the restoration of natural femo-
ral anteversion using a short anatomical
femoral stem. The new-generation, short,
anatomical MiniMAX femoral stem was
able to reproduce natural femoral antever-
sion and succeed in improving the patients’
functional levels and lifestyle. Future large-
scale, prospective, comparison trials are
required to further investigate this topic.
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23. Reikerås O and Gunderson RB.
Components anteversion in primary cement-
less THA using straight stem and hemispher-
ical cup: a prospective study in 91 hips using
CT-scan measurements. Orthop Traumatol

Surg Res 2011; 97: 615–621.
24. Suh KT, Kang JH, Roh HL, et al. True fem-

oral anteversion during primary total hip
arthroplasty: use of postoperative computed
tomography-based sections. J Arthroplasty

2006; 21: 599.
25. Rivera F, Bardelli A and Giolitti A.

Promising medium-term results of anterior
approach with an anatomical short stem in
primary hip arthroplasty. J Orthop

Traumatol 2021; 22: 8.
26. Von Elm E, Altman DG, Egger M, et al.

The Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) statement: guidelines for report-
ing observational studies. Ann Intern Med

2007; 147: 573–577.
27. Khanuja HS, Vakil JJ, Goddard MS, et al.

Cementless femoral fixation in total hip
arthroplasty. J Bone Joint Surg Am 2011;
93: 500–509.

28. Wylde V, Learmonth ID and Cavendish VJ.
The Oxford hip score: the patient’s

perspective. Health Qual Life Outcomes

2005; 3: 66.
29. Dawson J, Fitzpatrick R, Carr A, et al.

Questionnaire on the perceptions of patients
about total hip replacement. J Bone Joint

Surg Br 1996; 78: 185–190.
30. Murray DW, Fitzpatrick R, Rogers K, et al.

The use of the Oxford hip and knee scores.
J Bone Joint Surg Br 2007; 89: 1010–1014.

31. Freitag T, Hein MA, Wernerus D, et al.
Bone remodelling after femoral short stem
implantation in total hip arthroplasty:
1-year results from a randomized
DEXA study. Arch Orthop Trauma Surg

2016; 136: 125.
32. Koyano G, Jinno T, Koga D, et al.

Comparison of Bone Remodeling Between
an Anatomic Short Stem and a Straight
Stem in 1-Stage Bilateral Total Hip
Arthroplasty. J Arthroplasty 2017; 32:
594–600.

33. Pierchon F, Pasquier G, Cotten A, et al.
Causes of dislocation of total hip arthro-
plasty. CT study of component alignment.
J Bone Joint Surg Br 1994; 76: 45.

34. Yoshimine F. The safe-zones for combined
cup and neck anteversions that fulfill the
essential range of motion and their optimum

combination in total hip replacements.
J Biomech 2006; 39: 1315.

Hakim et al. 9


	table-fn1-03000605221091500
	table-fn2-03000605221091500
	table-fn3-03000605221091500



