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The purpose of this study was to retrospectively assess patients treated with modular, non-cemented, tapered,
fluted, distal fixation stems. We included patients with 24 months minimum follow-up. Diagnosis that led to
revisions were described. The radiographic analysis was made with preoperative, immediate postoperative and
last control postoperative X-rays. Sixty-seven patients met inclusion criteria. We observed 59,7% (n=40)

Osteointegration, 34,3% of Stable Fibrosis and 5,97% Unstable fibrosis. Stress Shielding was registered with
10,44% and Subsidence was observed in 34,3% of the patients. Modular, fluted, tapered, distal fixation stems

have an excellent survival rates.

1. Introduction

In the past decade, primary hip arthroplasties have increased and
consequently the number of revisions. In the U.S., between 1990 and
2002, revision rate for Total Hip Replacement (THR) was 17,5% and its
expected that for 2026, it will be over 30%."

When an orthopedic surgeon performs revisions of hip arthro-
plasties, they have to struggle with several problems like bone stock
deficiency, implant removal and achieving a stable fixation to restore
joint biomechanics. This are some of the reasons distal fixation stems
were developed, due their ability to skip the proximal bone defect.?

Initially, they were non-modular, cylindrical, titanium stems, with
good results and 10 years implant survival rate of 85-95%. However,
persistent thigh pain and severe stress shielding was very frequent.’
When Wagner’s non-modular, tapered, extensively porous-coated stems
appeared, they seemed like a great solution. Due its geometry, they were
able to improve axial and rotational stability, but it was observed high
dislocation and subsidence rates.®>

With the modular stems arrival, it was able to achieve and stable
fixation and the possibility to adapt more easily femoral version, head-
neck off-set and proper length for each patient.” Jang et al., performed a
retrospective study in 2015 where they analyzed 47 hip revisions, with
Paprosky’s type II, IIIA and IIIB defects, treated with modular,
cementless, distal fixation stems and they reported high survival rate of
86% with a Harris Hip Score (HHS) improvement from 39,5 to 91,3.6

* Corresponding author.

The purpose of this study was to assess patients treated with
modular, non-cemented, tapered, fluted, distal fixation stems, focusing
in their indications, clinical-radiological evolution and complications.

2. Method

Since 2008 to 2016, 137 hip revisions were performed. All surgeries
were performed at a high volume center, by the same senior surgeon
(FAL) with a postero-lateral approach.

We included in our study, adult patients that underwent revision of
the femoral component and a modular, cementless, tapered and fluted,
distal fixation stem was used instead, with a minimum follow up of 24
months.

First author collected data from medical records and radiographic
registry of the center. Patients with multiple previous surgeries, rheu-
matoid arthritis, or previous biological treatments or chemotherapy
were excluded.

Diagnosis that led to revisions is described on Table 1.

Regarding loosening revisions, patients were groupd with Papros-
ky’s’ method, detailed in Table 2.

We documented 7 periprosthetical fractures and grouped them using
Vancouver’s classification.® Four were B2, two B3 and one case B1. All
cases, the fracture was due a fall of patient’s own height.

Functional assessment was carried out comparing preoperative and
postoperative HHS. We also recorded surgical, clinical and infectious
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Table 1
Nominal and percentage distribution of causal diagnosis for prosthetic femoral
component revision.

Diagnosis Patients (n) Percentage (%)
Mechanical loosening 25 37,30

Septic Loosening 24 35,80
Peri-prosthetic Fracture 7 10,44
No-union 7 10,44
Instability 2 3

Stem rupture 2 3

Table 2
Distribution according Paprosky classification about bone stock defects.
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complications.

Radiographic assessment was made with antero-posterior and lateral
view comparing preoperative, immediate postoperative and last control
X-rays.

We evaluated stems behavior with Engh’s criteria, and we grouped
three categories: Osteointegration, Stable Fibrosis and Unstable
Fibrosis’

Stress Shielding was defined as the presence of osteolysis or bone loss
in greater trochanter in most recent x-ray.'®

Stem subsidence was registered by measuring vertical migration,
using as reference points, the distance from the shoulder of the femoral
component to the lower edge of lesser trochanter. In those cases, where
the lesser trochanter was absent, we used the first wire loop.'’

All measurements were performed three times by two independent
authors and the average was used. To decrease error from precision bias,
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Fig. 1. Subsidence and reoperation.
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Fig. 2. Picture showing the percentage difference from patients that required additional procedure with subsidence > 5 mm on blue squares, and below 5 mm on
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Fig. 3. We can appreciate HHS values are in a consistent range despite values
of subsidence.

3. Results

Four patients were excluded for not complying the minimum follow
up (two of those died before 24 months).

Sixty-seven patients met inclusion criteria, with 37 (55,2%) women
and 30 (44,8%) men. Mean age was 66,5 years (22-88). Thirty-seven
(55,2%) right hips were treated and 30(44,8%) left hips. We used
Restoration, Stryker, NJ, USA ® in 42 (62,7%) patients and ZMR, Zim-
mer, Warsaw, USA ® 25 (37,3%) times.

Mean follow-up was 29,45 months (range 24-120). We observed
statistically significant improvement of HHS from a mean of 37,6 + 7,4
to 83,6 + 8,3 (p<. 05).

Analyzing stems behavior, we found 59,7% (n = 40) Osteointegra-
tion, 34,3%(n = 23) Stable Fibrosis and 5,97%(n = 4) Unstable fibrosis.
Stress Shielding was registered in seven (10,4%) patients.

Subsidence was observed in 34,3% (n = 23) of the patients. Mean
migration value was 3,2 + 2,5 mm (0,2-8,3). Eight (11,9%) of those had
more than 5 mm of subsidence, but no symptoms were registered.

Although in absolute value, there were no statistically significant
differences in millimeters of subsidence, in reoperated patients (3,01 +
3,7vs 0,96 +1,7; p=0,15)(Fig. 1), we were able to observe a significant
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increase of percentage that required an additional procedure when
subsidence was >5 m. (42,8% vs 6,7%)(Fig. 2).

Complication rate was 11,94%. One patient evolved with steppage
due to an External Popliteal-Sciatic nerve injury that was treated with
electro-stimulation and orthesis achieving partial recovery.

Seven patients (10,4%) required additional procedures. There were 2
cases of intraoperative fractures that required immediate surgical
reduction to fix it.

There were no symptoms after second procedure. Another patient
suffered a fall of its own height and evolved with stem rupture. We
decided to perform revision of the stem using a megaprosthesis. Three
patients had dislocations that required open reduction. One of them had
liner rupture, so we exchange the polyethylene insert and there was no
need for further procedures. Another patient suffered recurrent dislo-
cations, forcing us to use a more constrained system, with tripolar cup
(Fig. 3).

There was one acute infection, treated with toilette and debridement
plus exchange of mobile components. The involved microorganism was
Aureus Staphylococcus methicillin-sensitive (ASMS).

Two years revision-free survival rate of the implant was 89,6%. If we
discriminate causes attributable to the stem (2 intraoperative fracture
and 1 stem rupture), this number increases to 95,5%.

There was no relationship between HHS and subsidence, observing
and Spearson relation with r = 8,08 and a CI95% = —0,15 to 0,31; p =
0,47 (Fig. 4).

We found there was no statistically significant difference If we
separate patients according subsidence > 5 mm and those who were
below that number with HHS. (83,49 +- 6,9 VS 82,27 +- 5,7; p = 0,6).

4. Discussion

Revisions in hip arthroplasty represents a really complex procedure,
where orthopedic surgeons must face multiple challenges like bone
stock deficiencies, mainly at expense of the metaphysis, that makes
harder to achieve a good stability with standard stems.'’ Modular stems
of distal fixation allows to overcome this obstacle, achieving good
proximal filling of the femur with distal impaction. Also they have
multiple options to adjust femoral off-set, version and if its necessary.'?

The Swedish Registry proved that first cause of hip revisions is
aseptic loosening, followed by infection and periprosthetic fracture.'®
This is consistent with our study where we found that aseptic and in-
fectious loosening represented 70% of the patients.

Several authors have suggested that proper fixation of the femoral
component in Paprosky’s I to IIIA defects could be achieved with the

used of an extended porous-coated stem,'*,'® while on IIIB and IV types,

Fig. 4. A) Dislocation of femoral stem with a cemented cup.
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B) Cup Exchange for a tripolar system.
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57,85 mm

Fig. 5. A. 76 year old female. Antero-posterior right hip X-ray. We can observe osteolysis and debonding around femoral stem of right hip. B. Inmediate post-
operative radiography. Conversion of standard to modular, distal fixation stems. We kept acetabular component because it was well fixed. C) Measure of the distance
between the shoulder of the stem and the caudal edge of the lesser trochanter — 57,85 mm. D) 26 months later, you can see the distance decreases to 54,56 mm.

modular distal fixation stems would allow a fixation more stable with a
smaller isthmus segment, thanks to their geometry.'® In 2014, Brown
et al.'” analyzed 135 hip revisions with severe femoral defects and ob-
tained excellent results. In our study, although we used distal fixation
stems, author’s opinion is that, they prefer long cemented stems with
bone graft impaction (Ling technique) for patients with Paprosky’s IV
defects.'®

We observed 7 periprosthetic fractures (4 B2, 2 B3 and one B1). One
of the great advantages of Vancouver classification is that helps us to
decide the proper treatment. Several authors'>?%?! endorse the use of
cementless, tapered, fluted, distal fixation stems, because they can led us
to achieve really good clinical and radiographic results. Recently, we
published a paper of this types of fracture that showed a high success
rates with this stems.??

In 1990, Charles A. Engh, ® published an article about the biological
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behavior and stability of porous surface stems. Basically, he defined very
clearly major and minor radiological signs that defined osteointegration
of the stems, as well as the stability. It’s so, that our institution published
an article, with 22 patients who underwent 22 revisions, with proximal
fixation and distal anchor, cementless stems for Paprosky’s II and IIIA
defects, and obtained 77,2% of osteointegration. In this analysis, we
observed about 60% of bone integration and we believe that this per-
centage its because we included more severe defects (IIIB and ).
The design of this implants leads to a decrease of the load on the
proximal femur; this causes a minor bone density (stress shielding).>
Our evaluation revealed seven (10,4%) patients in this situation.
There’s no consensus in literature, that stem subsidence and loos-
ening may be related.?*?° When the stem press fit isn’t strong enough to
support physiological loads, the stem achieves a secondary stability by
subsidence into the femur. In 2008, Kang et al.?® analyzed 39 hip
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Table 3
Studies comparison. We can see complications percentages and HHS values
before surgery and after surgery.

Studies Complications (%) Harris Hip Score

Before surgery After surgery
Neumann 2011 13,6 35,9 (20-65) 94,3 (82-100)
Zunino 2016 25,3 37 (10-77) 81 (33-96)
Rieger 2017 16,2 - 85,6 (31-100)
Our study 2019 11,9 37,6 (19-62) 83,6 (41-97)

Fig. 6. A. Left hip Periprosthetic Fracture (Vancouver B3). We can observe that
the fracture involves the stem area and poor bone stock. B. Fracture during
surgery with the tip of the stem. C) Distal fixation stem reduction.

revisions treated with distal fixation stems (ZMR, Zimmer, Warsaw, USA
®) and they observed a mean subsidence of 4,4 mm and 5 cases with
more than 5 mm of migration. In more recent study, the Revision Total
Hip Arthroplasty Study Group®” described 61 hips treated with distal
fixation stems, with an average subsidence of 3 mm, and of this patients,
5 (8,2%) presented migration above 10 mm. There was one case of
reoperation because early mechanical failure of the stem. Our mean
subsidence was 3,29 mm and we were unable to demonstrate an sta-
tistically significant relationship with revision surgery. (p = 0,15)
(Fig. 5).

The total percentage of complications and the improvement on HHS
is similar to other recent series on the literature (Table 3).

There were two femur fractures with the distal tip of the stem that
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required open fixation immediately. This is why we recommend the use
of C-arm routinely in complex femur revisions (Fig. 6).

Authors like Van Houwelingen?® proved that modular, fluted,
tapered, distal fixation stems achieves 5-10 years a mean of 90%
implant survival. These values are consistent with more recent publi-
cations.?’,>* Although our prosthetic survival rates involves a minor
follow-up (mean of 30 months), we obtained similar results with current
literature. We must continue follow-up in the future to be able to analyze
more significant long-term results.

The strengths of this study is the number of patients that allows us o
perform an statistical association of the results and the follow-up, that’s
enough to analyze the clinical and radiographic, short term, behavior of
the stems.

The weaknesses are those of a retrospective study and the hetero-
geneity of the diagnosis treated with this implants.

5. Conclusion

Modular, fluted, tapered, distal fixation stems have excellent survival
rates, with great clinical results when we must face Paprosky’s type II
and IIIA defects.

It remains as pending continue the follow-up of this group in the
future.
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