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a b s t r a c t

Background: Shorter double-taper stems with reduced lateral shoulders facilitate implantation via the
muscle-sparing direct anterior approach and are becoming increasingly popular. We observed an un-
usually high number of cases of aseptic loosening with the use of a modified stem. Therefore, the aim of
this prospective single-center study was to assess safety and efficacy of this cementless stem.
Methods: A total of 486 consecutive patients receiving 517 primary total hip arthroplasties using the
MonoconMIS stem were prospectively followed up for a mean period of 5.29 years (standard deviation
[SD], 1.47). Surgical and clinical data, complications, and revision surgeries were analyzed. The Western
Ontario and McMaster Universities Arthritis Index (WOMAC) score was recorded before surgery and at
one year and five years after surgery.
Results: The overall 5-year implant survival rate was 95.2%. The individual component survival rates
were 96.1% for the stem, 99.4% for the acetabular cup, and 99.0% for the isolated mobile component
exchange. The most common reasons for revision were periprosthetic fracture (1.5%), aseptic stem
loosening (1.4%), and infection (1.0%). The WOMAC score improved significantly from 49.57 (SD, 21.42) at
baseline to 13.33 (SD, 16.47) at one year and 9.84 (SD, 14.45) at five years after surgery. Aseptic stem
loosening occurred only in patients with Dorr type A proximal femur morphology.
Conclusion: The evaluated femoral stem is associated with revision rates higher than what has been
reported for other implants. The WOMAC scores suggest adequate efficacy. Our data do not support the
use of the MonoconMIS for primary total hip arthroplasty in patients with Dorr type A proximal femur
morphology.

© 2021 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) with cementless implant fixation
has become very popular since its introduction in the 1960s [1,2],
and a variety of implant designs have been introduced over the last
few decades, most of which have shown favorable clinical results
and good long-term survival [1e4]. In our department, we have
used the Monocon straight stem (Falcon Medical, Austria) along
with the Siocon press-fit cup (Falcon Medical, Austria; Fig. 1) as the
standard implant for THA from 2005 onward [5]. Both implants
have highly satisfactory long-term survival rates, comparable with
other well-performing implants [6e9]. However, with increasing
tential or pertinent conflicts
ith this work.
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numbers of surgeons changing their standard approaches from
posterior and lateral to anterolateral and direct anterior approach
(DAA), it became necessary to adopt new implant designs to enable
easier introduction of the stem into the femoral canal. We therefore
began using the MonoconMIS stem (Falcon Medical, Austria; Fig. 2)
as the standard implant for primary THA from 2014 onward. The
MonoconMIS stem, introduced in 2013, is a modified version of the
straight Monocon stem (Fig. 3), the main differences being the
shoulderless design and the shorter total length.

Since switching to the modified stem, we have observed an
unusually high number of cases of aseptic stem loosening, which
was rare when we were using the previous model. The purpose of
this prospective clinical single-center study was to evaluate the
outcomes of primary THA performed using the MonoconMIS stem
and the Siocon press-fit cup. We hypothesized that the rates of
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early aseptic loosening would be higher with the modified stem
than with conventional stems.
Fig. 2. The evaluated MonoconMIS press-fit stem with a reduced lateral shoulder and
shorter overall length.
Patients and Methods

Between2014 and2016, a total of 517hips (264 right, 253 left, and
62 bilateral) in 486 patients (287women and 199men)were treated
by primary THAwith the MonoconMIS stem and the Siocon cup. All
surgeries were performed at the same center, although by different
arthroplasty surgeons. After surgery, patients were followed up for a
mean period of 5.3 years (standard deviation [SD], 1.47; range,
0.01-5.99). Demographic characteristics of patients, indication for
surgery, bodymass index (BMI), type of surgical approach, operation
time, types and sizes of implants, length of hospital stay, intra-
operative and postoperative complications, and revision surgeries, if
any, were documented in our institution’s medical database.

All patients were asked to complete the self-administered
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) before surgery and at one year and five years after sur-
gery [10]. As per the recommendations of Yeo et al, a difference of
more than ten points in the WOMAC score between two consecu-
tive time points was considered a clinically important difference.
Patients with deterioration of more than ten points compared with
the previous evaluation were invited for clinical and radiological
follow-up.

We matched our data with the Tyrolean joint replacement
registry (Austria) to detect revision surgeries performed in other
hospitals. Surgical reports of all revision arthroplasties were ob-
tained. The exchanged components were documented. Reasons for
revision were grouped into categories.

The MonoconMIS stem is a modified version of a double-taper
straight stem. It is a nonmodular cementless double-tapered
stem, classified as “anatomic” according to Janssen et al [11] and
as “type 2” according to Khanuja et al [12]. It has a reduced lateral
bevel (shoulderless design) that facilitates its introduction into the
femoral canal through direct anterior and anterolateral approaches
and minimizes the risk of iatrogenic periprosthetic fractures
(Fig. 2). The stem is designed for dia-metaphyseal fixation and has a
shorter total length than its predecessor, the Monocon stem (Fig. 3).
Fig. 1. The Siocon press-fit hemispherical cup with a fourth-generation ceramic liner.
This stem comes in two variants, with caput-collum-diaphyseal
angles of 125� or 131� and different neck lengths. It is available in
12 stem sizes; the smallest (size 1) has a length of 116 mm, and the
largest (size 12) has a length of 155 mm (Figs. 1 and 3). The 12/14
mm cone is designed as per the specifications for ceramic heads,
but can also be used with metal heads of the same cone
specification.

The Siocon cup is a cementless spherical press-fit cup for use
with metal-backed liners [5]. The liners used in this study were
Fig. 3. The predecessor Monocon press-fit stem with greater total length and a lateral
shoulder.



Table 1
Overall WOMAC Scores and Subscale Scores at Different Time Points.

Time Point Subgroup Mean SD

Before surgery (n ¼ 369) Pain 47.9 22.9
Stiffness 50.0 27.1
Function 50.8 22.6
Total 49.6 21.4

At 1 y after surgery (n ¼ 443) Pain 10.3 15.8
Stiffness 16.1 19.9
Function 13.6 18.0
Total 13.3 16.5

At 5 y after surgery (n ¼ 312) Pain 7.4 13.5
Stiffness 12.6 17.9
Function 9.7 15.0
Total 9.8 14.5

WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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either fourth-generation ceramic (Bioloxdelta, CeramTec; Fig. 1) or
highly cross-linked polyethylene, all preassembled with a titanium
metal shell (ie, metal-backed; Fig. 1). Ceramic liners were used in
332 of 517 (64.2%) hips and highly cross-linked polyethylene liners,
in 185 of 517 (35.8%) hips. While 36-mm heads were used in 326 of
517 (63.1%) hips, 32-mmheadswere used in 187 of 517 (36.2%) hips,
and 28-mm heads were used in 4 of 517 (0.8%) hips.

This study was conducted in accordance with the declaration of
Helsinki (Medical University Innsbruck, Austria; Process No: 1224/
2020). Independent ethics committee approval was obtained for
performing this study, and written informed consent was obtained
from all patients. None of the authors were involved in primary
patient care.

Statistical Analysis

Implant survival was recorded, and KaplaneMeier survival
analysis was performed. All parameters were checked for normal
distribution. Pearson correlation was used to examine the rela-
tionship between numerical variables. One-way analysis of vari-
ance with Tukey post hoc testing was used to comparemean values
between groups. The chi-square test was used for comparison of
categorical data. The denominator for all reported percentages was
the number of hips, not the number of patients. Statistical signifi-
cance was at P � .05 for all tests.

Results

The mean age at the time of arthroplasty was 66.9 (SD, 11.1;
range, 33 to 93) years. Primary hip osteoarthritis was the most
common indication for surgery (92.6%), followed by aseptic ne-
crosis of the femoral head (2.7%), post-traumatic osteoarthritis
(2.3%), developmental dysplasia (2.1%), and other conditions (0.2%).
Implant survival time and WOMAC scores were not significantly
different between patients with different diagnoses.

The mean BMI was 27.6 kg/m2 (SD, 5.4; range, 18.2 to 65.1).
Patients with a higher BMI had significantly worse WOMAC scores
at one year (r ¼ 0.196, P <.001) but not at five years (r ¼ 0.076; P ¼
.25) after surgery.

The anterolateral approach was most commonly used (340/517,
65.8%), followed by the posterolateral approach (113/517, 21.9%)
and DAA (64/517, 12.4%). Patient-reported outcomes (WOMAC
score) at one year and five years after surgery were comparable
between patients treated by different surgical approaches. Overall
implant survival timewas significantly shorter in patients receiving
joint replacement via the DAA than that in patients receiving joint
replacement via the other approaches (4.78 years vs 5.29 years; P¼
.012).

The mean operation time was 59.28 minutes (SD, 15.92; range,
31 to 139). Operation time was positively correlated with BMI (r ¼
.199; P < .001) and age (r ¼ .214; P < .001). The mean length of
hospital stay was 8.51 days (SD, 3.19; range, 5 to 25). Patients with
longer hospital stay had shorter implant survival (r ¼ �.223; P
<.001).

Intraoperative complications occurred in 14 of 517 (2.71%) cases;
in 4 (0.77%) cases, an iatrogenic periprosthetic fracture occurred,
and in 1 of those cases, an osteosynthesis with cerclage wires was
required. In ten (1.93%) cases, severe acetabular osteolysis compli-
cated cup placement, and in four of those cases, an autologous bone
grafting was necessary.

Postoperative complications occurred in 49 of 517 (9.5%) cases;
these included medical complications (deep venous thromboem-
bolism, pulmonary embolism, stroke, and postoperative delirium)
in 24 (4.6%) cases, need for blood transfusion in 14 (2.7%) cases,
wound-healing disorders (not requiring reoperation) in five (1.0%)
cases, neurological impairment, with different degrees of paresis, in
three (0.6%) cases, and audible squeaking in the hip (many years
after implantation) in three (0.6%) cases. All patients were treated
conservatively. Patients who developed complications had signifi-
cantly worse overall WOMAC scores at one year (19.75 vs 12.66;
P ¼ .009) and five years (18.15 vs 9.27; P ¼ .008) after surgery than
patients without complications.

The numbers and overall score ofWOMAC questionnaires can be
found in Table 1 (Table 1). In 38 of 517 (7.3%) cases, the overall
WOMAC score deteriorated by more than ten points at final follow-
up compared with their score at one year after surgery. These pa-
tients were contacted by phone and invited for detailed clinical
follow-up. While 14 patients could not be contacted, six patients
were afraid to visit the outpatient clinic because of the COVID-19
pandemic. Among the patients who accepted clinical follow-up,
no specific reason for deterioration of the WOMAC score could be
identified in five patients. In the remaining patients, the causes for
worsening of the WOMAC score included gait affected by neuro-
logical conditions unrelated to the surgery (five patients), Trende-
lenburg gait due to insufficiency of the hip abductor muscles (four
patients), late joint dislocations that could be treated conserva-
tively (two patients), and aseptic loosening in more than three
Grüen zones (two patients) [13].

The overall 5-year implant survival rate was 95.2%. The survival
rate was 96.1% for the stem, 99.0% for the isolated mobile compo-
nent exchange, and 99.4% for the cup (Fig. 4). Risk stratification for
component failure showed that aseptic component loosening
occurred in younger patients (63.0 years, SD 8.85) and peri-
prosthetic fracture in older patients (77.0 years, SD 9.08; P ¼ .037).
Aseptic stem loosening occurred in seven cases, all with 36-mm
heads (P ¼ .012). All seven cases of aseptic stem loosening were
in men, whereas seven of eight cases of periprosthetic fracture
were in women (P ¼ .006). Table 2 lists the reasons for revision.

Radiological analysis of the cases with aseptic loosening of the
stem showed cortical thickening around the tip of the stem in
Grüen zones 3, 4, and 5 and osteolysis around the body of the stem
in Grüen zones 1, 2, 6, and 7 [7,12]. In all cases of aseptic loosening,
the proximal femur was classified as Dorr type A [14]. Stem
migration measurement showed mean stem subsidence of 4.8 mm
(SD, 2.73; range, 0 to 9). Radiologic analysis of the other cases un-
dergoing revision arthroplasties revealed no abnormalities.
Discussion

The findings of this study confirmed our hypothesis that aseptic
loosening is more common with the MonoconMIS stem than with
other standard implants [15e17]. Siocon cup survival was unaf-
fected by its use in combination with this stem system [5].



Fig. 4. KaplaneMeier analysis of implant survival.
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Radiological analysis revealed that cases of early loosening
occurred in patients with narrow diaphyseal canals and widemeta-
epiphyseal areas (Dorr type A). Because the MonoconMIS stem is
shorter and has thicker tips than the previous model, there may be
greater diaphyseal stress, especially in Dorr type A proximal femurs
(Fig. 5). In such cases, metaphyseal fixationmay be insufficient. This
is consistentwith thefindings of Park et alwho showed that double-
taper wedge stems have increased risk of failure in Dorr type A fe-
murs [18]. Overall,weassume that thehigh revision rate observed in
this trial may be the result of a mismatch between patient anatomy
and stem design, andwe emphasize the importance of preoperative
templating andplanning [11]. Furthermore, in viewof the lower BMI
Table 2
Reasons Leading to Revision With Mean Age, Sex, BMI, and Length of Procedure.

Reason Leading to Revision of 517 THAs Age (Years) Se

Periprosthetic femoral fracture (n ¼ 8, 1.5%)
Mean 77.0 0.
SD 9.1

Aseptic stem loosening (n ¼ 7, 1.4%)
Mean 63.0 1.
SD 8.9

Periprosthetic infection (n ¼ 5, 1.0%)
Mean 70.4 0.
SD 9.9

Aseptic cup loosening (n ¼ 2, 0.4%)
Mean 56.0 -
SD 4.2

Liner malpositioning (n ¼ 2, 0.4%)
Mean 73.0 0.

Dislocation (n ¼ 1, 0.2%)
Mean 73.0 -

Total revisions (n ¼ 25, 4.8%)
Mean 69.6 0.
SD 10.4

BMI, body mass index; THA, total hip arthroplasty; SD, standard deviation.
in our patient cohort than in cohorts reported from other regions,
we speculate that our patients had a higher level of physical activity
[19]. A higher level of physical activity and strain may be associated
with a higher prevalence of Dorr A proximal femur anatomy, in
accordancewithWolff’s law [20]. However,weare unaware; this has
yet to be scientifically demonstrated.

In our cohort, most of implantations were performed using an
anterolateral approach; the DAA was less often used. Nevertheless,
most cases of stem loosening and periprosthetic fractures occurred
in patients treated with the DAA [11,12]. This may have also been
due to a learning curve of arthroplasty surgeons in our department
who were switching from their standard approach to the DAA [21].
x (M/F Ratio) BMI (kg/m2) Length of Procedure (min)

13 30.0 61.6
13.8 15.8

00 27.2 70.3
3.4 15.2

80 31.0 58.4
5.7 22.0

19.5 100.5
- 41.7

50 - 45.0

34.2 68.0

52 28.6 65.4
7.1 21.1



Fig. 5. Radiographs of a patient obtained before surgery (A; Dorr type A femur), at 6 weeks after surgery (B) without symptoms, and at 3 years after surgery (C) with aseptic stem
loosening before revision surgery.
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Our study found significant sex differences. As mentioned
before, the vast majority of periprosthetic fractures were inwomen.
The increased risk for periprosthetic fracture inwomen undergoing
uncemented THA has been previously demonstrated by large-scale
registry analyses [22].

The United Kingdom National Institute for Health and Care
Excellence has recently published its revised benchmark recom-
mending ten-year implant survival rates of >95% [23]. Numerous
implants have demonstrated even higher survival rates and are
therefore considered safe for primary THA [24]. The evaluated
acetabular cup and metal-backed liner system showed excellent
clinical and patient-reported outcomes and high implant survival
rates and can therefore be used without concern for primary THA.
However, the evaluated stem showed higher rates of failure than
other available implants, although the failure rate at five years was
below the recommended threshold.

This study assessed clinical and patient-reported outcomes of an
implant that has not been investigated before. The strengths of this
study are its prospective nature, the use of patient-reported
outcome measurement (WOMAC), and the matching of data with
a joint replacement registry to identify all revision surgeries.

The primary limitation of this study is the relatively short
follow-up period of five years. However, because we suspected
higher rates of aseptic loosening with the MonoconMIS stem than
with the previously used implant, a longer follow-up would not
have been ethical. Hence, the MonoconMIS stem is no longer used
in our institution. A second limitation is the relatively small sample
size.
Conclusion

The shortened length and reduced shoulder of the double-taper
MonoconMIS stem are associated with high rates of aseptic loos-
ening in Dorr type A proximal femurs. The overall revision rates are
higher than what has been reported for other implants. The
WOMAC scores suggest adequate efficacy in patients not needing
revision surgery. Overall, the data of this study do not support the
use of this stem as the standard implant for primary THA in patients
with Dorr type A proximal femur morphology.
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