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AbstrAct
background: The number of arthroplasties performed every year is increasing; therefore, a greater number of revisions is ex-
pected in the coming decades. Modular fluted tapered stems have become the gold standard for their results in different series of 
patients. The objective of this article is to evaluate the results, complications and the survival rate of these stems in hip revisions 
with a medium-term follow-up. Materials and Methods: Retrospective, multicenter analysis. One hundred eighty-two patients who 
had undergone hip revision surgery between 2007 and 2017 were included. One hundred eighty-five modular fluted tapered stems 
were placed. Femoral bone stock defects were classified according to Paprosky and Burnett; and periprosthetic femur fractures 
according to Vancouver classification. Patients were evaluated clinically with Harris Hip Score (HHS) and radiographically 3 months 
after surgery and every year to assess stem stability, subsidence and loosening, as well as osteotomy healing. results: Average 
follow-up was 55.18 months. Postoperative HHS had an average of 80.28 (SD = 12.8, 95% CI = [78.5, 82.97]). There were no 
postoperative complications in 75.4% of the patients. The most frequent complications were instability in 7.6% and implant subsid-
ence in 11.5%. At the end of the follow-up, 95.05% of the patients had a stable implant. conclusion: Modular fluted tapered stems 
provide a reliable, reproducible solution for the management of femoral component revisions at medium-term.
Key words: Hip joint; arthroplasty; hip replacement; femur; prosthesis failure.
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Vástagos estriados cónicos modulares en revisión de artroplastia total de cadera. Estudio multicéntrico. 
resultados y complicaciones a mediano plazo
 
rEsuMEn
Introducción: Debido al crecimiento exponencial del número de artroplastias de cadera, se espera una mayor cantidad de re-
visiones en las próximas décadas. Los vástagos cónicos estriados modulares se han vuelto populares en la última década por 
sus resultados favorables. El objetivo de este estudio es evaluar los resultados, las complicaciones y la tasa de supervivencia de 
estos vástagos en las revisiones de cadera, con un seguimiento a mediano plazo. Materiales y Métodos: Estudio multicéntrico, 
retrospectivo. Se incluyeron 182 pacientes a quienes se les realizó una cirugía de revisión de cadera entre 2007 y 2017. Se colo-
caron 185 vástagos cónicos estriados de fijación distal. El déficit de stock óseo femoral se clasificó según Paprosky y Burnett; y 
las facturas periprotésicas, según la clasificación de Vancouver. Se evaluó a los pacientes clínicamente con el Harris Hip Score 
(HHS) y con radiografías a los 3 meses y anualmente para evaluar la estabilidad del vástago, la subsidencia y el aflojamiento, así 
como la consolidación de la osteotomía. resultados: Seguimiento medio 55.18 meses. El HHS posoperatorio tuvo una media de 
80,28 (DE = 12,8, IC95% 78,5-82,97). No hubo complicaciones posoperatorias en el 75,4% de los pacientes. Las complicaciones 
más frecuentes fueron inestabilidad (7,6%) y subsidencia del implante (11,5%). Al final del seguimiento, el 95,05% de los pacientes 
tenía un implante estable. conclusiones: Los vástagos cónicos estriados modulares de fijación distal proporcionan una solución 
confiable, reproducible y duradera para el manejo de revisiones de componentes femorales a medio plazo.
Palabras clave: Articulación de cadera; artroplastia; reemplazo articular; fémur; falla de prótesis. 
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IntroductIon
Total hip replacement is a highly effective procedure that relieves pain, improves function and quality of life, and 

grants the patient reasonable satisfaction and independence. Despite the success of total hip replacement, a small 
percentage of patients require multiple surgeries, often related to the failure of the femoral component. Due to the 
exponential growth in the number of hip replacements, a greater number of revisions are expected in the coming 
decades.1 Although the revision of the femoral component with the use of cemented implants has already been 
described,2 at present, cementless prostheses have gained great popularity, achieving better clinical and radiologi-
cal results.3-5 

There are numerous surgical techniques when considering the revision of the femoral component, such as ce-
mented stems with or without bone graft,6-10 allograft-prostheses11,12 and uncemented stems of different designs, for 
example, extensively porous-coated stems13-15 modular and nonmodular fluted tapered stems.16-21

Modular fluted tapered stems have become popular in the last decade for their favorable results in small se-
ries17,20,22 and the reproducibility of their technique.23 They have been reported to have lower rates of stress-shield-
ing and implant subsidence. 

The aim of this study was to evaluate the results, complications and revision rate with the use of fluted tapered 
stems for distal fixation in the revisions of the femoral component performed in three Level I centers, in our coun-
try, after a medium-term follow-up.

MaterIals and Methods
Retrospective multicenter study. The inclusion criteria were: patients who had undergone hip revision surgery 

between 2007 and 2017 and who received distal fixation fluted tapered stems, regardless of the cause of the revi-
sion, sex and comorbidities. 182 patients who received 185 distal fixation fluted tapered stems were included. All 
patients underwent surgery in three Level I centers by specialist surgeons in the area.

Preoperative planning included radiographic evaluation of the previous implant and the femoral bone stock 
deficit, which was classified according to Paprosky and Burnett.24 According to the surgical technique, a minimum 
diaphyseal fixation of 5 cm was considered necessary to ensure correct distal fixation; when this was not possible, 
it was decided to use another surgical technique.25 Two patients had a type I Paprosky defect; 40 cases, type II; 62, 
type IIIA; 34, type IIIB and 11, type IV. 

For periprosthetic femoral fractures, we used the Vancouver classification.26 One patient had a type B1 fracture; 
16, type B2 and 19, type B3. 

Implant subsidence was measured from fixed landmarks on the prosthesis to fixed landmarks on the femur.27 Im-
plant loosening was defined as progressive implant subsidence or a continuous radiolucent line around the femoral 
component. 28

All patients were operated in lateral decubitus, with a posterolateral approach. ZMR® (Zimmer®), Restoration® 
(Stryker®), Reclaim® (DePuy Synthes, Inc.), Prevision® (Aesculap®), MPTM (Link®) and Arcos® (Biomet) 
modular stems were used, according to the surgeon’s preference, regardless of the cause of the femoral revision.

In the immediate postoperative period, full weight-bearing was routinely allowed, within tolerance, with a walk-
er regardless of the type of bone defect. Patients with intraoperative fractures were prescribed 50% weight bearing 
on the affected leg. On the other hand, all followed a strict protocol with hip mobility precautions (flexion, abduc-
tion, and internal rotation) for six weeks. The patients received antibiotic prophylaxis in preoperative and immedi-
ate postoperative doses, and antithrombotic prophylaxis for 28 days. 

The clinical follow-up was conducted at 3 and 6 weeks, 3 months and 1 year after surgery. Then, patients were 
controlled annually. For the clinical evaluation, the Harris Hip Score (HHS)29 was used and radiographs were 
taken at 3 months and annually to evaluate the stability of the stem, subsidence and loosening, as well as the con-
solidation of the osteotomy.
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statIstIcal analysIs
An exploratory data analysis (summary measures, frequency distribution tables and graphs - box plots, bar 

diagram and histogram) of the sample of patients was conducted, characterizing by sex, age, and the investigated 
characteristics.

To study the association between the type of implant, its result after follow-up, the presence or absence of previ-
ous interventions (and their number), the causes of femoral revision, the presence of complications, as well as sex 
and age, Poisson linear logarithmic models (more than two dimensions or crossovers of variables) and contingency 
tables were estimated, with the chi-square test (two-dimensional association), establishing a significance level 
equal to 0.05. Likewise, Pearson’s correlation coefficients were estimated when the variables were quantitative 
(HHS, follow-up time, age) and the average difference of these was tested according to sex, previous implantation, 
etc., using the Student’s test and analysis of variance. When the distribution was normal, the confidence intervals 
were also obtained using a 95% confidence level. 

FIndIngs
The average follow-up was 55.18 months, a value that was conditioned by 10% of the patients, who only had a 

single follow-up radiographic evaluation within the first postoperative year, but who, nevertheless, were clinically 
controlled by telephone. The average age was 64.97 years. A hundred and one patients (55.49%) were female and 
81 (44.51%) were male (Table). 37% of the 182 patients included had cementless stems as previous implants, 
without statistically significant differences in relation to sex (p = 0.610). 62% and 25% had already undergone sur-
gery on one or two occasions, respectively, 10% had three or more previous surgeries. There were no statistically 
significant differences regarding sex (p = 0.37) (Figure 1).

Regarding the causes of femoral revision, age was not a predisposing factor for this event (p = 0.745). Revi-
sion surgeries of the femoral component were secondary to aseptic loosening (85 cases; 45.95%), septic loosen-
ing (two-stage revision) (54 cases; 29.19%), periprosthetic fracture (36 cases; 19.46%), stem fractures (7 cases; 
3.78%) and instability (3 cases; 1.62%). When sex was correlated with the cause of the revision, statistically sig-
nificant differences were observed (p = 0.047) (Figure 2). 

table. Demographic data

sex
Female
Male

101 (55.49%)
81 (44.51%)

Average age 64.97 years 

Femoral bone defect
Paprosky Classification

Type I
Type II
Type IIIA
Type IIIB
Type IV

Periprosthetic femoral fracture
Vancouver Classification

Type B1
Type B2
Type B3

2 (1.34%)
40 (26.85%)
62 (41.61%)
34 (22.82%)
11 (7.38%)

1 (2.78%)
16 (44.44%)
19 (52.78%)

Average follow-up 55.18 months 
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Figure 1. Frequency distribution of patients according to the number of previous surgeries and sex 
(left) and implant outcome (right).

Figure 2. Frequency distribution of patients according to the causes of revision and sex.
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The postoperative HHS had a average of 80.28 (standard deviation = 12.8; 95% confidence interval [95% CI] 
78.5-82.97), 25% of the patients were below 75.5 and another 25% had values above 88.3. No statistically signifi-
cant differences were found in relation to age (p = 0.334), follow-up time (Figure 3), previous implant (p = 0.843) 
or the number of previous surgeries (p = 0.33). HHS was not correlated with sex either (p = 0.394) (95% CI 78.2-
84.14 and 77.4-81.8 for men and women, respectively).

When analyzing intraoperative complications, 2.19% (4 patients) had an intraoperative fracture at the time of 
placing the stem, without affecting the definitive stability of the implant.

75.4% of the patients did not suffer postoperative complications. Fourteen (7.6%) had an episode of instability. 
This influenced the postoperative HHS, which showed significant differences (p = 0.047) with those who did not 
have dislocations. Another complication observed was subsidence of the stem (11.5%), with an average of 4.1 mm 
at the end of follow-up. 

Figure 3. Scatter plot between the postoperative Harris Hip Score, age and follow-up time (months) of 
the patients.

These complications were not associated with sex (p = 0.882), age (p = 0.372) or previous implant (p = 0.225) 
(Figure 4).

The bone stock deficit did not show statistically significant differences in relation to postoperative HHS (p = 
0.086). In contrast, patients with periprosthetic fractures tended towards lower HHS values.(Figure 5).

Only 14 patients required reoperations: five due to instability, where it was not necessary to revise the stem; four 
as a consequence of deep infection and five due to subsidence of the implant and aseptic loosening (at 5, 6, 7, 9 
and 15 months, respectively).

At the end of follow-up, 95.05% of the patients included in this series had stable implants which did not require 
a new revision (Figures 6 and 7).
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Figure 4. Box plot of the follow-up time (months) according to sex, implant success, number of previous 
surgeries and causes of revision of the patients.

Figure 5. Box plot of the postoperative Harris Hip Score based on the classification of the implant placed. 
PAP = Paprosky, VAN = Vancouver.
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Figure 6. 86-year-old woman. Aseptic loosening of the femoral stem. Femoral 
revision with distal fixation modular fluted tapered stem.

Figure 7. 35-year-old man. Sequela to acetabulum fracture plus avascular bone necrosis. Septic loosening. Cup revision plus 
trabecular metal augmentation and distal fixation modular fluted tapered stem.
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dIscussIon
The revision of a total hip arthroplasty with bone stock deficiency is a challenge for any orthopedic surgeon. 

Modular fluted tapered stems offer several advantages, including axial and rotational stability, as well as modu-
larity, protection against stress shielding, and a lower rate of intraoperative fractures and thigh pain, compared to 
cobalt-chrome stems. with extensive porous coating.16-17,19,20,30 The main challenge faced by the orthopedic surgeon 
when performing this type of surgery is to achieve a stable fixation of the femoral component. When the proximal 
femur is significantly compromised, either by fracture or bone stock deficit, femoral stabilization distal to the area 
of weakened bone is necessary for successful revision surgery.23

The success of modular fluted tapered stems has been reported in different studies.22,30 Our study included 182 
patients, and it is one of the largest series reported. 

In most published studies, implant survival without revision of the femoral component due to aseptic loosening 
is estimated to be 98% at 10 years.17,19 In our cohort, at the end of follow-up, 95.05% had a stable implant without 
the need for a new surgery, even in those patients with severe bone stock deficits. This can be contrasted to most 
other femoral implant designs, such as extensively porous-coated cementless stems, whose success depends on the 
severity of bone loss.24

Abdel et al.31 reported a 2.4% subsidence rate for implanted stems, and only one patient required reoperation. 
In our series, this complication was observed in 11.5% of the cases. However, when we analyzed the rest of the 
literature, the reported subsidence rate was similar to that of our series.19,28 On the contrary, when the extensively 
porous-coated cobalt-chrome stems were analyzed, these values were higher.32

Klauser et al.33 and Huang et al.34 reported an intraoperative fracture rate of around 17%. In our study, only 2.19% 
(4 patients) had this complication. 

In most published studies, the instability rate secondary to revision of the femoral component ranges from 2% to 

21%.18,19 In our series, it was 7.6%, which correlates with the published data.
Salcedo et al.35 reported a 2.5% deep infection rate. Although infection can negatively affect implant survival, 

this complication is not frequent in most of the published series. In our study, only four patients required reopera-
tion for this postoperative complication.

A limitation of our study is that it is a retrospective case series, not randomized and without a control group. 

conclusIons
The distal fixation modular fluted tapered stems provide a reproducible solution for the management of revisions 

of femoral components. In our series, this femoral revision technique achieved a high success rate with good func-
tional results. The complication rate was similar to that reported in the literature. It is worth noting that preopera-
tive planning and proper stem diameter selection are essential to avoid complications. However, a more extensive 
follow-up of patients is necessary to ensure that complications associated with modularity, such as corrosion, are 
not a problem in the future.
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