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Abstract

Introduction:
This study aimed to report the initial results of the cementless UNITED hip system in primary total hip
arthroplasty (THA) with a minimum follow-up of 2 years.

Methods
We retrospectively studied a consecutive series of 203 cementless THAs in 180 patients operated
between 2015–2017. We included 89 female and 91 male patients with a mean age of 67 (28 to 89)
years. The mean follow-up was 40 (29 to 62) months. Clinical outcome scores and radiographs were
measured. Survival was calculated de�ning failure as the need for any further femoral or acetabular
revision, irrespective of the reason.

Results
No femoral component loosening was detected. One patient had a Vancouver-B1 intraoperative
periprosthetic femoral fracture treated with implant retention and cerclage wires. Two acetabular
components were revised for aseptic loosening. Three patients suffered an acute infection treated with
debridement, antibiotics, and implant retention. The mean Merle d'Aubigné et Postel scores improved
from 13 (4 to 16) points preoperatively to 17 (12 to 18) points at the latest follow-up (p < 0.001). At a
mean time of 40 months of follow-up, the survival was 99% and 100% for the acetabular and the femoral
components, respectively.

Conclusion
This cementless design showed excellent preliminary outcomes in terms of �xation and patient
satisfaction, comparable to that of other well-known similar systems.

Introduction
The survivorship free of aseptic loosening of any total hip arthroplasty (THA) system depends on many
factors, including implant design, �xation technique, and patient demographic characteristics. A recent
meta-analysis showed that surgeons can expect survival of 58%-78% at 25 years of follow-up following
primary THA [1]. However, it remains a challenge to anticipate if new designs will be able to meet
expectations. Therefore, any newly introduced THA design should have its performance subjected to
periodical critical review in order to compare its outcome with that of benchmark designs. In order to
improve survivorship rates and clinical outcomes of cemented stems, numerous uncemented designs
have been developed and remain in use today.
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Different methods have been developed to categorize newly introduced implants and predict their
potential failure rate in the long-term. For instance, the Orthopaedic Data Evaluation Panel (ODEP) [2]
rates THA implants used in the United Kingdom, based on length of follow-up and quality of evidence.
The uncemented CLS Spotorno (Zimmer, Warsaw, IN, USA) [3], the Taperloc (Zimmer Biomet, Warsaw, IN,
USA) [4], the Alloclassic Zweymüller (AlloPro/Sulzer Medica, Winterthur, Switzerland and Centerpulse,
Winterthur, Switzerland) [5], and the fully hydroxyapatite (HA) coated tapered Corail (DePuy Synthes,
Warsaw, IN) [6] stems have been in use for an extended period and therefore have high ratings with this
classi�cation (13A) [2]. The UTF™ stem and the U-MOTION II™ cup (United Orthopaedic Corporation,
Taiwan), which were �rstly used in 2013, are still labelled as 'Pre-entry.' In this sense, despite being
commercially available, we believe that these hip implants can bene�t from further survival analyses.

To our knowledge, there are no clinical or biomechanical reports available evaluating the outcomes of
this system in the current literature. Therefore, this study aimed to analyse the initial functional and
radiographic outcomes of the UNITED hip system at a minimum 2-year follow-up.

Methods
This study was performed following the 1964 Declaration of Helsinki principles and was approved by the
institution's Research Ethics Board. Informed consent to participate was obtained from all participants
and consent to publish was obtained for the patients whose x-rays appear in this manuscript.

We retrospectively studied a consecutive series of 1172 primary THAs operated between 2015 and 2017,
of which 528 were hybrid, and 644 were cementless. Of the uncemented femoral components, 225 were
fully porous-coated, 112 were short stems, and 307 proximally coated. Of this �nal group design, 211
were performed using the UNITED hip system (Fig. 1). The use of the UNITED hip system began in
February 2015 as part of an institutional contract with the manufacturer, taking into account orthopaedic
implant expenditures in our country and a national trend towards cost-savings in orthopaedic care.
Neither of the involved surgeons were part of the implant design or have any relevant a�liations with the
company. We included all consecutive symptomatic cases older than 18 years, according to the patient's
a�liation with the institutional medical insurance. We excluded two cases with inadequate radiographs,
one patient who died for non-related causes at 18 months of follow-up, and �ve cases that were lost to
follow-up, leaving a total of 203 uncemented THAs in 180 patients to analyse. Twenty-three patients had
bilateral THAs, of which 16 were performed as one-stage bilateral surgeries.

All surgeries were performed in laminar �ow operating rooms by one of four fellowship-trained
arthroplasty surgeons. Under epidural hypotensive anaesthesia, a posterolateral approach was performed
in all patients. Three cases were previously operated with an intramedullary femoral nail (TFN, DePuy-
Synthes, USA) due to an intertrochanteric hip fracture and later developed non-union. All patients received
prophylactic antibiotics with three doses of intravenous cefazolin (1 g/8hr). Routine prophylaxis for
thromboembolic disease was indicated during the �rst postoperative month, consisting of 40 mg
subcutaneous low-molecular-weight heparin/day in patients with high clinical risk of thromboembolic
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disease and 325 mg aspirin/day per oral in patients with low clinical risk [7]. The rehabilitation protocol
included early mobilization after surgery and ambulation with a walker and full weight-bearing for 15
days. After that, we encouraged patients to progressively return to normal daily activities as tolerated with
the use of a cane for at least one month, depending on their clinical evolution and �ndings on follow-up
radiographs. All the data were retrieved from the institution's prospectively collected electronic database.
The American Society of Anaesthesiologists (ASA) classi�cation system was used to categorize the
patient's physiological status before surgery [8], and Dorr classi�cation [9] was used to classify the
proximal femoral morphology. The demographic characteristics of the series are shown in Table 1.

Table 1
Demographic Characteristics of the Series

Patients (hips) (n) 180 (203)

Gender (F/M) (n) (%) (89/91) (49%/51%)

Mean age (years) 67 (28 to 89)

Obese patients (BMI > 30) (kg/m2) (n) (%) 69/180 (38%)

ASA classi�cation (n) (%)

ASA 1

ASA 2

ASA 3

ASA 4

4 (2%)

154 (76%)

42 (20.5%)

3 (1.5%)

Mean follow-up (months) 40 (29 to 62)

Initial diagnosis (hips) (n) (%)

Idiopathic osteoarthritis

Avascular necrosis

Hip dysplasia

Implant failure

177 (87%)

16 (8%)

7 (3.5%)

3 (1.5%)

Dorr’s classi�cation (n) (%)

A

B

C

170 (84%)

31 (15%)

2 (1%)

F: female; M: male; BMI: body mass index; ASA: American Society of Anaesthesiologists

Surgical Technique
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The UTF™ stem is a non-modular wedge-shaped type 1 implant, according to Khanuja classi�cation for
uncemented stems [10]. It has a 12/14 neck taper, and it can be used for primary or revision THA. The
stem substrate is made of titanium alloy (Ti-6Al-4V) and is proximally coated with plasma spray (ASTM
F-1580) to enhance biological �xation. It has grooves and a distal label that enhances both easy
implantation and removal. A broach-only technique is performed with bone-cutting rasps. Preoperative
templating is recommended, and standard and high offset options are available for all stem sizes.
Lateralization of the canal entry is essential to prevent varus alignment and under-sizing. It is
recommended to gradually enlarge the broach size until it contacts the medial and lateral cortices, or the
template size is achieved, obtaining axial and rotational stability. The prosthesis should be seated until
the most proximal portion of the coating surface is in line with the neck resection level. The interference
between implant and broach is 0.5 mm per side.

The U-MOTION II™ Acetabular System is a modular implant with hemispherical design. It is made of
titanium alloy (ASTM F-620) and is available with two coating options: (a) HA with Ti-plasma spray
(ASTM F-1185) (HA-cup) or (b) Ti-plasma spray-only (ASTM F-1580) (PS-cup). Both types of implants
utilize Ti-plasma spray coating technology to achieve greater surface roughness (Ra) (Ra = 70 µm). The
rough surface provides a scratch �t for initial stability with minimal micromotion. Ceramic and highly
cross-linked polyethylene liners (standard or 20º lipped) �t directly into the metallic shell by taper and
snap-in locking mechanism, respectively. Appropriate reaming is essential for the cup to be fully seated. If
press-�t is desired for primary implant �xation, under-reaming by 1–2 mm is recommended according to
bone quality. In all patients, we used a PS-cup, and the implantation technique consisted of a line-to-line
method for both the femoral and acetabular components. Cup stability was assessed with manual
testing, and augmentation with screws was done at the surgeon's choice.

Clinical Assessment
Clinical outcome was assessed with Merle D'Aubigné score (MDA) [11]. All patients were scored before
surgery and at the latest follow-up. Pain evaluation was done according to the visual analogue scale
(VAS).

Postoperative Radiographic Assessment
Anteroposterior (AP) and lateral (L) radiographs of the hip were obtained immediately postoperatively, at
15 days, 6 months, 12 months, and annually thereafter. Two independent observers, who were blinded to
clinical outcomes, made all radiographic measurements comparing immediate postoperative radiographs
with those made at the latest follow-up. A femoral or acetabular radiolucency was de�ned as any
irregular line between the implant and the bony interface, and periprosthetic osteolysis was de�ned as
progressive bone loss larger than 5 mm using both Gruen [12] and DeLee and Charnley zones,
respectively [13]. The subsidence of the femoral stem was determined using the method described by
Loudon and Charnley [14], measuring the distance from a selected (but variable) point in the femoral
prosthesis to a �xed point in the bone. Loosening was de�ned as subsidence of more than 5 mm or



Page 6/16

continuous demarcation around the stem. Stem �xation was assessed using the method of Engh et al.
[15]. The Brooker classi�cation was used to determine the extent of heterotopic ossi�cations, if any [16].

Complication Rate Analysis
We registered all complications and we divided them according to the time they appeared. We considered
a septic failure as any case requiring revision surgery due to a surgical site infection. We de�ned an
aseptic implant failure whenever any revision surgery performed for non-infectious causes.

Statistical Analysis
Continuous variables were expressed as means and ranges. Categorical variables were reported as
frequencies and percentages. Continuous variables were compared using the independent-samples t-test,
where data were normally distributed, and the Mann-Whitney U test otherwise. Categorical variables were
compared using chi-squared and Fisher exact tests. Kaplan-Meier survival curves were estimated
considering as an endpoint those complications for any cause that required revision surgery. Odds ratios
(OR) were reported with their 95% con�dence intervals (CI). Variables were considered statistically
signi�cant at p < 0,05. All analyses were performed using Stata 13™ statistical software (StataCorp,
College Station, TX).

Results
The most common acetabular component size was 54-mm, whereas the most frequent femoral
component size was 6. Table 2 shows the surgical variables obtained after surgery.
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Table 2
Postoperative Results

Mean in-hospital stay (days) 3 (1 to 26)

Mean surgical time (minutes) 52 (20 to 120)

Mean amount of blood loss (millilitres) 205 (105 to 400)

Blood transfusion (n) (%) 3*/180 (1.5%)

Mean acetabular screws (n) 2 (0 to 3)

Mean femoral head diameter (millimetres) (n) (%)

32

36

40

50 (25%)

143 (70%)

10 (5%)

Bearing surfaces (n) (%)

Metal-on-polyethylene

Ceramic-on-polyethylene

Ceramic-on-ceramic

108 (53%)

78 (39%)

17 (8%)

* All of them had one-stage bilateral procedures

Clinical Assessment
There was a signi�cant improvement in the MDA score when comparing preoperative and postoperative
values [13 (4 to 16) vs. 17 (12 to 18), p < 0.001]. Regarding pain evaluation (VAS), the mean preoperative
value was 8 (2 to 10), and mean postoperative value was 0 (0 to 8) (p < 0.001).

Postoperative Radiographic Assessment
Eleven THAs (5.4%) had a femoral radiolucency < 2 mm around the stem. Eight of them were located in
Gruen zone 7, and the remaining three cases in Gruen zone 1. All radiolucent lines were detected between
the third and sixth postoperative month and remained unchanged, without any clinical relevance. No
radiolucency was detected around the acetabular components. There was no evidence of periprosthetic
osteolysis in either component. Two patients (1%) showed initial femoral subsidence < 3 mm, without
further progression, remaining asymptomatic to the latest follow-up. There were no cases of femoral
stem loosening. Still, two cases with initial radiolucency detected around the acetabular component
�nally evolved to an aseptic loosening and were treated with one-stage revision surgery (Fig. 2) with a
multi-porous acetabular component. None of the two revisions required trabecular metal or allografts. All
remaining femoral and acetabular components were �xed with signs of bony ingrowth, according to
Engh's method.
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Complication Rate Analysis
We found 14 complications in the series. Within the �rst postoperative year, we registered 13 early
complications. We recorded no dislocations. Tables 3 show the registered complications, divided by
periods of three months.

Table 3
Detailed Complications per Period

Intraoperative

Complication Series (n = 203) Treatment

Vancouver B1 PFF (n) (%) 1 (0.5%) Cerclage wires and protected weight-bearing

First 90-days

Complication Series (n = 203) Treatment

Acute PJI (n) (%)

Super�cial

Deep

4 (2%)

3 (1%)

Oral antibiotics

DAIR

Vancouver A PFF (n) (%) 2 (1%) Protected weight-bearing

Deep vein thrombosis (n) (%) 1 (0.5%) Oral anticoagulants

After 90-days

Complication Series (n = 205) Treatment

Ilio-psoas impingement (n) (%)

(36 m)

1 (0.5%) Arthroscopic release

Aseptic loosening (n) (%)

Acetabular cups

(6 and 23 m)

2 (1%) one-stage revision surgery

(primary acetabular cup)

PFF: Periprosthetic femoral fracture; PJI: Periprosthetic joint infection; DAIR: Debridement, antibiotics
and implant retention; m: months

Survivorship Analysis
At a mean time of 40 months of follow-up, taking revision of any of the components for any reason as
the endpoint, the survivorship of the implant was 99% and 100% for the acetabular and the femoral
components, respectively (Fig. 3).

Discussion
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There is still controversy regarding the optimal type of cementless femoral and acetabular �xation in
primary THA. In this retrospective series, we found that the UNITED hip system had excellent clinical and
radiographic results, without revisions of the stem and with only two revisions of the acetabular
component due to aseptic loosening at a mean follow-up of 40 months.

Although uncemented, proximally porous-coated tapered stems can be a reliable option for routine THA,
they are not without complications. Initial implant stability is essential to avoid early aseptic loosening. In
2011, White et al. [17] retrospectively analysed 81 proximally-porous tapered Accolade® stems (Stryker
Orthopaedics, Mahwah, NJ, USA) for aseptic migration using Ein-Bild-Roentgen-Analysefemoral
component analysis (EBRA-FCA). More than 1.5 mm of subsidence was observed in 36% of the stems at
2-years of follow-up. The migration pattern may be a consequence of inadequate initial implant stability.
In our series, two patients (1%) showed initial subsidence < 3 mm, without further progression at the latest
follow-up. We believe that stem subsidence may not be a major concern with this type of implant design.
Of course, further studies with longer follow-up are needed to con�rm these preliminary �ndings.

Trapezoidal wedge-shaped stems are associated with an increased risk of periprosthetic femoral
fractures (PFF), being a major concern after cementless THA [18]. We reported 1 case of intraoperative
PFF that did not jeopardize stem �xation and was treated with internal �xation. This was probably related
to the trapezoidal shape of the implant, which sometimes may not be suitable for all proximal femoral
morphologies. In this scenario, more anatomic, rounded stems may be useful to prevent PPFs when
compared to single- or double-wedge components [19]. Abdel et al. [20] reported a 7.7% and 3.5% risk for
postoperative PFF after cementless and cemented THA, respectively, at 20 years of follow-up. PPF may
become the most frequent cause of failure in the long-term ( 25 years) [3, 6]; thus, we believe that future
studies with extended follow-up should be performed to analyse this new femoral stem comparing the
long-term incidence of PFF, especially among cementless straight implants.

McLaughlin et al. 's previous long-term studies have shown excellent clinical and functional outcomes
with the use of a cementless proximally porous-coated tapered collarless titanium stem [4]. Although we
are reporting short-term results, our outcomes were comparable to the Taperloc stem in these long-term
studies; the mean MDA scores improved from 13 points preoperatively to 17 at the latest follow-up (p < 
0.001).

Porous titanium-coated (PTC) acetabular cups have not proven to perform better than plasma-sprayed
(PS) acetabular shells at medium to long-term follow-up [21]. Lindgren et al. [22] performed a prospective
multicentre study comparing PTC and PS cups. The PTC component was associated with a higher risk of
pain (OR = 2, p = 0.035) and radiolucency (OR = 5.2, p < 0.001); however, there were no cases of revision
surgeries for loosening. In our study, we found 2 (1%) acute aseptic loosening of the acetabular
component. Both patients were revised with a primary uncemented cup at 6 and 23 months
postoperatively. No further complications were registered in these patients, obtaining good clinical
outcomes at the latest follow-up. It is essential to mention that both failures were recorded in the �rst 20
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cases of the series with a PS-cup. We believe that both failures may be related to the learning curve and
to the fact that reaming was done line-to-line instead of with a press-�t technique, as it is recommended.

Iliopsoas impingement (IPI) after THA is a possible cause of recurrent groin pain and range of motion
restriction with a prevalence of 4.4% [23]. An axial protrusion length ≥ 12 mm, a sagittal protrusion length 
≥ 4 mm, a higher native acetabular version, a lower cup anteversion, and inclination have been described
as independent predictors of symptomatic IPI [24]. In our series, we had one patient with IPI treated with
arthroscopic tendon release. Regarding acetabular cup inclination and anteversion, the patient exhibited
normal values for both measures. Although this complication can be seen in sharp acetabular
components [25], we recommend assessing the cup-to-rim ratio in order to discard any prominence over
the acetabular rim.

Our study was not without limitations. First, its retrospective nature correlated with the biases exclusive to
the study design. The sample size of the series resulted in a small number of cases included, restraining
the production of more accurate statistical analyses. However, it is the only study investigating the
clinical and radiological outcomes of this cementless hip system. Second, our survival rates should be
considered as best-case estimates. Because there was a short-term follow-up period, we expect that some
of these patients may yet undergo a revision arthroplasty for any reason at a longer follow-up. Third, our
data did not include enough comprehensive information about demographics and speci�c frailty-
comorbidities or perioperative factors that would contribute to developing complications. Hence, our
complication outcomes should also be considered as best-case estimates. Finally, the gold standard in
analysing initial implant stability is radiostereometric analysis [26]. Another reliable option to evaluate
implant migration is EBRA-FCA [27], which can also measure stem subsidence without the need for
tantalum markers using standard pelvic radiographs. Unfortunately, we were not able to perform this kind
of evaluation due to the lack of resources in our centre at the moment this study was developed.

Conclusion
In summary, this study is the �rst to describe 203 consecutives UNITED THAs implanted at a non-
developer, academic teaching hospital. We observed excellent clinical and radiographic outcomes of both
the femoral and acetabular components at a mean follow-up of 35 months, with a low complication rate.
Therefore, the UNITED hip system appears to have non-inferior outcomes to that of other stem and cup
designs. Further studies and extended monitoring of this cohort are required to assess new modes of
failure in the long-term.
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Figure 1

Photograph of the UTFTM cementless stem (A) and the U-MOTION IITM acetabular cup (B) (United
Orthopaedic Corporation, Taiwan). Postoperative AP radiograph showing both components (C)

Figure 2
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Serial radiographs of one of the two acetabular aseptic loosening. Preoperative AP radiograph (A).
Immediately postoperative AP radiograph showing no evidence of loosening (B). Six months
postoperative AP radiograph showing loosening signs located in DeLee and Charnley zone 3 (C).
Postoperative AP radiograph (D) after 1-stage revision surgery with a primary acetabular cup, without the
need of trabecular metal implant or augments

Figure 3

Kaplan-Meier survival estimates of both acetabular and femoral components. At 35 months of follow-up,
the survivorship rate was 99% and 100% for the acetabular and the femoral component, respectively


