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SUMMARY

The objective of the study was to assess clinical-X-ray
endpoint on a cohort of 48 patients (54 hips) submitted to
Spotorno® primary non-cemented total hip arthroplasty in
the last 20 years (1985 — 2005), with mean follow-up time of
17.5 years (range: 8-20 years). In the clinical and functional
evaluation, 92.7% good outcomes were achieved. Osteope-
niawas found in 24 acetabula (44.4%) and 30 femurs (55.6%);
A mean of 2 millimeters (0-5 mm) of polyethylene wear-off
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INTRODUCTION

The worldwide popularization of the Total Hip arthroplasty (THA)
was disseminated by Vharnley in the 1960’s®. At that time, the
metal-polyethylene joint fixed with cement (polymethylmethacry-
late - PMMA) was the golden standard. With the dissemination of
cemented THA, we also saw an increase of the number of compli-
cations, particularly the aseptic loosening and osteolyses. Initially,
the problem was believed to be on the cement, that's why at that
time the term “cement disease” started being investigated®. The
results of those studies showed that the reason for failures was not
only on the cement, but also on a number of factors. At that time,
THA'’s performance started being questioned on young patients®,
due to the presence of osteolyses and the challenges in THA review
surgeries. These events encouraged the search for biological solu-
tions as an alternative in THA®.

Thus, in the late 1970’s, THA indication with biological fixation
(cement-free) started to grow. That period was marked by the
emergence of a number of new implants with very different con-
ceptions regarding material, format, coating type, and others®.
The analysis of the preliminary outcomes with those new implants,
when compared to the outcomes achieved by appropriately ce-
mented prostheses, suggested that not all new conceptions would
have support with follow-up, and this fact was well demonstrated
by the range of models manufactured by renowned companies
at the time®".

All of these drove us to share our 20-year experience with THA using
the Spotorno® prosthesis, which has been available in the market
since 1984, with no conceptual changes. The Spotorno® Cementless
System (CLS) introduced quantitative and objective criteria for the
indication of cement-free arthroplasty, such as: gender, age, Singh
index® and morphocortical index®.

The objective of this study is to present clinical and X-ray outcomes
with the use of Spotorno® prosthesis with 17.5 years of mean fol-
low-up.

Study conducted at Hospital de Clinicas de Porto Alegre- RS-Brazil.

was present in 43 acetabula (79.6%). The statistical analysis
of the results suggested that the presence of osteopenia is
not associated to the clinical endpoint (p=0.75); polyethylene
wear-off as well as the presence of osteopenia was more
significant if patients below the age of 55 years (p<0.05). We
concluded that the use of a Spotorno® prosthesis on this
cohort showed good outcomes, similar to those previously
reported in literature.
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MATERIALS AND METHODS

The present study is a mixed cohort of 53 patients (59 hips) submit-
ted to THA using the Spotorno® cementless prosthesis, between
1985 and 1997, being followed-up until 2005 (average: 17.5 years).
During that period, four patients missed follow-up; thus, they were
not included in the study. Four patients died for reasons not related
to the THA, but were not excluded from the study for having clinical
and X-ray evaluation recorded close to the date of their death, tak-
ing into account, in this case, the last evaluation. Furthermore, one
patient presented infection at early postoperative period requiring
prosthesis review, was therefore, excluded. One patient showing
loosening of the acetabular component was reviewed; however, his
data were computed for the period previously to review. All patients
were operated by the Hip Surgery team in our Hospital. A letter was
sent to the Hip Surgery Reference Centers in our region, asking if
any review or treatment was provided for complications on patients
included in our study, who we could eventually have lost track of.
Concerning conception, the femoral component of the Spotorno®
prosthesis is made of titanium (TiBAI7NDb), with a cervicodiaphyseal
angle of 145° and wedge format at three planes, press-fit to the bone
at methaphyseal region. The proximal plane of the nail presents
anterior and posterior striae for preventing rotational movement
and to favor the interdigitation and union to the bone. The coronal
proximal cut of the nail was designed with a size sufficient to fulfill the
entire femoral canal and to homogeneously distribute force vectors.
The distal portion was build with a smaller diameter compared to
the canal for preventing against distal anchorage, avoiding forces
concentration at the tip of the nail.

The acetabular Spotorno® component is a titanium (T16AI7Nb)
half-spherical slightly-flattened cup with six expansible wings and
teeth set in three rows externally to each wing, placed after the
last milling with the aid of a chuck jaw. After the jaw is opened, a
tapered threaded expander which will restore the initial acetabular
size. As a result of that expansion, a stable primary fixation occurs.
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A secondary fixation is possible thank to osteointegration on the
titanium surface. Inside the titanium cup, the threaded polyethylene
implant is inserted (UHMW-RCH-1000 Chirulen®). A broad distribu-
tion of implant forces on the bone is achieved by the mechanism
of expansion and the resulting pressfit.

The interchangeable head is made of chrome-cobalt-molybdenium
(CoCrMO-Protasul®) with 28 mm available with standard, medium
and long neck (Figure 1).

Figure 1 - Spotorno® total hip prosthesis

The numeric criteria established by Spotorno® (Table 1), where
gender, age, Singh’s index and the morpho-cortical index are taken
into account (Figure 2).

All patients have been called by the responsible team to present
at the Service outpatient facility, where they responded to a pre-
established assessment protocol, being submitted to X-ray image
tests of the pelvic cavity (anteroposterior) and of the thigh-femur on
the affected side (lateral) and to clinical examination. The medical
files for these patients were reviewed as well.

The clinical evaluation was provided prior to the X-ray study, and
these were performed by different investigators targeting to reduce
any examination bias. The criteria proposed by Merle d’Aubigné and
Postel for clinical evaluation assessing pain, gait and mobility.
Special attention was given to the existence or not of thigh pain. For
statistical analysis purposes, patients achieving a score between
good and very good according to Merle d’Aubigné e Postel’s
functional scale were regarded as good outcomes (Table 2). The
others were regarded as poor outcomes.

The X-ray evaluation of hip osteopenia was based on the criteria
described by Zicat et al.!"" for kind (expansive or linear) and at the
DelLee e Charnley® zones for location. On the femur, we used

the criteria described by Turibio!™ for the analysis of osteopenic
cases, which have five types (0-4). The type 0-no osteopenia, 1-
osteopenia restricted to the major trochanter region, 2-osteopenia
extending from major trochanter to the minor trochanter region, 3-
osteopenia on major and minor trochanter regions extending to the
shaft medium third, 4-osteopenia throughout the extension of the
femoral implant. During the X-ray evaluation, polyethylene wearoff
and the migration of the femoral component (subsidence) were
also assessed, both measured with the aid of a clear rule with mm
increments. For statistical analysis, the Spotorno® BMI score was
divided into two groups (Group 1 —Spotorno® score < two points;
and Group 2 — with score > two points). After that division, we cor-
related the groups with the presence or absence of femoral migra-
tion. In addition to the topics mentioned, data concerning current
age, follow-up, operated side, root disease were also assessed, in
addition to other described on Table 5.

For statistical analysis purposes, the patients were divided into two
groups: by age and by the functional score proposed by Merle
d’Aubigné e Postel. The cutting age was 55 years, five years above
the suggested zero score by Spotorno®, since it was the mean age
found. We considered as good results those patients showing a
score between good and very good, and, as poor, those with me-
dium, fair and poor results.

The statistical analysis was conducted using the statistical software
SPSS for windows, release 14.0 (SPSS Inc, Chicago, IL).

O
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Figure 2 - Morphous-cortical index proposed by Spotorno (IMC): IMC: CD/AB

Gender Age Singh’s Index Morphous-cortical index
Score Score Score Score
Male 0 <50 0 6-0 0 >3 0
Female 1 51-60 1 5 1 3-2.7 1
61-70 2 4-3 2 2.6-2.3 2
>70 4 2-1 4 2.3 4
Scoring suggested for Spotorno cementless nail use
0-4 Points 5 Points > 6 Points
Cementless Discussible Cemented

Table 1 - Scoring for Spotorno cementless prosthesis indication
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Normal or almost normal mobility (6.5)

Pain (P) Ability to
ambulate (A)
Very good P+A=11o0r12
6 6 Ambulate without crutches, pain or limping
6 5 Ambulate without crutches, pain, but with slight limping
5 6 Ambulate without crutches, but with mild pain at the beginning of the gait
Good P+A=10
5 5 Ambulate without crutches, with pain and slight limping
4 6 Ambulate without crutches, with pain, but without limping
6 4 Ambulate without crutches or pain; one crutch used to external activities
Medium P+A=9
5 4 Mild pain; one crutch is used to external activities
4 5 Pain after ambulating for a few minutes; no crutches, but with slight limping
6 3 No pain; one crutch used all the time
Fair P+A=8
5 3 Mild pain; one crutch used all the time
4 4 Pain after ambulating; one crutch is used to external activities
Poor P+A=7orless
Reduced mobility (4,3,2,1,0)
If mobility is reduced to 4, the result will be downgraded by one degree
If mobility is reduced to 3 or less, the result will be downgraded by 2 degrees

Table 2 - Functional grading of the hip according to Merle d’Aubigné and Postel

On the descriptive analysis, the following were used for quantitative
variables: arithmetic average, standard deviation (SD), maximum,
minimum and median values, and; for qualitative variables (categori-
cal): percentages and wherever applicable.

In quantitative variables, the Student’s t test was employed and, in
asymmetry situations, the Mann-Whitney’s U test and the Wilcoxon’s
test. On categorical variables, the Pearson’s chi-squared 2 test was
employed to compare clinical and X-ray characteristics between the
groups with human and bovine grafts in order to test for the impact
of these grafts on prognosis.

For checking for the association of the X-ray score with the clinical
score, the Pearson’s correlation coefficient was employed.

A p value below 0.05 was regarded as statistically significant.

The following endpoints were listed for statistical correlation check:
presence of osteopenia with clinical outcome; clinical outcome
and the indication criteria for Spotorno®; polyethylene wearoff and
osteopenia; migration of the femoral nail with the Spotorno® criteria;
age with clinical outcome and age with polyethylene wearoff. For
such calculations, the Epinfo software was employed as a database
for cases operated on Table 5, on results.

RESULTS

The Spotorno® prosthesis was used on 53 patients (59 hips). Of
these patients, four did not return for clinical evaluation and thus
were excluded from the study. Other four patients evolved to death
on late postoperative period of causes not related to the surgical
procedure.

The study population was constituted of 48 patients (54 hips), six
of them being submitted to bilateral arthroplasty. The sample was
distributed as 28 (57.4%) male patients and 20 (42.6%) female pa-
tients, with mean age of 55 years preoperatively (22 to 76 years old).
Concerning the operated side, in 35 patients (66%) the right side
was operated, and (34%) on the left side. The mean follow-up and
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the median value for patients were both 17.5 years (8 to 20 years).
There was one infection case (1.8%) requiring review. One case
(1.8%) showed aseptic loosening of the acetabular component
after 8 years of follow-up requiring review only on the acetabulum
(Figure 3).

The most prevalent root disease related to arthroplasty indica-
tion was primary coxarthrosis, diagnosed in 38 patients (71.7%).
The remaining showed avascular necrosis (six patients — 11.3%),
rheumatoid arthritis (three patients — 5.7%), ankylosing spondylitis
(two patients — 3.8%), femoral neck fracture (one patient — 1.9%),
acetabular dysplasia (one patient — 1.9%), and acetabular sequel
(two patients - 38%).

On the clinical results analysis, according to the functional scor-
ing proposed by Merle d’Aubigné and Postel®, we found 50 hips
(92.7%) with very good and good results, and four hips (7.5%) with
medium, fair and poor results (Figure 4). Thigh pain was present in
only two patients (3.7%).

Osteopenia was present on 24 acetabula (44.4%) all of these of
the expansive type. Osteopenia cases were divided according to
Table 3, being most frequently located on the zone two of Delee
and Charnley?.

Osteopenia was present on 30 femurs (55.6%). The condition was
graded according to the criteria by Turfbio, as shown on Table 4: as
type I, in 3.7 %; type Il in 44.4% and type lll in 7.4%.

The wearoff rate of the polyethylene material present in 43 acetabula
(79.6%) was assessed with an average of 2 mm (0-5mm). If we
consider the mean follow-up of 15 years, the average wearoff of the
polyethylene material was 0.13 mm / year. The statistical analysis of
the results suggested that the presence of osteopenia is not cor-
related to the clinical endpoint (p=0.75); the polyethylene material
wearoff was more pronounced on patients below the age of 55
(p<0.05), RR of 1.34 (1.01 — 1.75), being statistically significant
when calculated by the Fisher’s exact test (p<0.05). The presence
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1. 2. 3. 4. 5. 6. 7. 8. 9. |[10. 11 12 13 14 15 16. 17. 18.
Nr. Sex | Side Age Doe | Singh IMC P.S. | Fup |Pain Ma Mo Fc Cox Zicat Desg Mig Turibio
DeLee Poli fem

1 F L 24/31 1 5 2.80 3 8 6 6 6 12 N A A 2mm 3
2 F R 57/65 1 6 2.50 3 9 6 6 6 12 N A A A 0
3 F R 62/70 1 6 3.15 3 9 6 6 6 12 N E-Z1,2 2mm imm 3
4 M R 60/68 1 6 2.60 3 9 6 6 6 12 N A 2mm A 0
5 F R 80/65 3 6 2.20 7 9 4 4 5 8 N E-Z1,2,3 3mm imm 2
6 M R 41/49 1 6 3.22 0 9 5 5 5 10 N A 1mm 2mm 3
7 M R 45/55 1 6 3.80 1 11 6 6 6 12 N E-71,2 1mm A 0
8 F R 61/73 1 6 3.00 4 13 5 6 6 11 N E-Z1,2,3 3mm A 2
9 M R 74/86 8 6 3.33 4 13 6 6 6 12 N E-Z2,3 3mm A 2
10 M R 51/64 1 6 2.80 2 14 6 6 6 12 N A 3mm A 0
11 M R 60/73 1 6 2.50 3 14 6 6 6 12 N A 3mm A 2
12 M L 59/73 1 6 3.00 1 15 5 6 6 11 N A 5mm 2mm 0
13 F R 65/79 5 6 2.22 7 15 5 6 5 11 N E-Z1,2 2mm A 0
14 F R 60/74 1 4 2.20 8 15 4 6 5 10 N A 2mm imm 1
15 F R 46/60 1 6 2.20 5 15 4 6 6 10 N A A A 0
16 M R 66/80 1 6 2.47 5 15 6 6 6 12 N E-z2 2mm A 0
17 F R 27/42 8 6 2.68 3 16 6 6 6 12 N A 2mm A 0
18 F L 35/50 4 6 2.00 3 16 5 5 5 10 N E-72 2mm A 0
19 M R 51/66 1 6 2.25 2 16 6 6 6 12 N A 2mm A 0
20 M R 64/79 3 6 2.33 3 16 6 6 6 12 N A A A 0
21 M R 61/76 1 6 2.56 3 16 6 6 6 12 N A A A 0
22 F R 61/76 1 6 218 6 16 6 6 5 12 N A A A 0
23 F L 61/76 1 6 1.70 7 16 6 6 5 12 N E-Z3 A A 0
24 M R 51/66 4 6 243 2 16 6 4 5 10 N E-Z2 2mm A 2
25 M L 57/72 1 6 2.25 3 16 6 6 6 12 N A A A 0
26 F R 65/80 1 6 2.64 4 16 6 5 6 11 N E-z2 3mm A 0
27 M R 41/56 1 6 4.00 0 16 4 5 5 9 N E-Z3 3mm 2mm 2
28 M R 54/69 2 6 3.00 2 16 6 6 6 12 N A imm A 2
29 M L 54/69 2 6 3.13 1 16 6 6 6 12 N A 2mm A 2
30 F R 61/76 1 6 212 7 16 6 6 6 12 N A 3mm 1mm 2
31 M L 48/63 2 6 3.00 1 16 6 6 6 12 N E-Z3 1mm 1mm 2
32 M R 45/60 1 6 3.10 0 16 6 6 6 12 N E-Z1,2 3mm imm 2
33 M L 36/51 2 6 2.8 1 16 5 6 6 11 N A 2mm 2mm 0
34 M R 56/71 2 6 2.50 3 16 4 5 5 9 N E-Z1 3mm 2mm 2
35 M L 62/77 1 6 3.22 2 16 6 6 6 12 N E-71,2 4mm 2mm 2
36 F L 43/58 1 6 3.2 1 16 4 5 5 9 S E-Z1,2 3mm A 2
37 M L 55/71 1 6 2.81 2 17 6 6 6 12 N E-Z2 3mm 2mm 2
38 F L 61/72 1 5 2.40 5 17 5 6 5 11 N A A A 2
39 F R 57/73 7 6 2.80 3 17 6 6 6 12 N A 2mm 2mm 2
40 M R 47/63 2 6 2.40 2 17 5 6 6 11 S A 3mm 3mm 2
41 M R 58/74 1 6 3.22 1 17 6 5 6 11 N E-72,3 2mm A 1
42 M R 42/58 1 6 2.27 2 17 5 6 5 11 N E-Z1,2,3 3mm A 0
43 F L 34/50 1 5 2.15 5 17 5 5 6 10 N E-Z2 2mm A 0
44 M R 53/69 1 6 2.61 2 17 6 6 6 12 N A 3mm A 0
45 F L 74/90 1 4 2.38 7 17 6 6 6 12 N A 2mm A 0
46 M R 76/92 1 5 2.73 5 17 6 6 6 12 N A A 1mm 3
47 M L 76/92 1 5 3.07 7 17 6 6 6 12 N A A A 2
48 F R 55/71 1 6 2.66 2 17 6 5 6 11 N E-72,3 2mm A 0
49 M R 50/67 1 6 2.40 2 18 5 6 6 11 N A 3mm A 0
50 M R 47/65 1 6 2.70 1 19 6 6 6 12 N A 2mm A 2
51 F R 61/79 1 5 3.06 4 19 4 6 5 10 N A 2mm 1mm 2
52 F L 24/42 3 6 212 5 19 5 5 6 10 N A 3mm A 2
53 M L 61/79 1 6 3.10 2 19 6 6 6 12 N A 2mm A 2
54 F R 23/42 3 6 2.20 5 20 5 5 5 10 N E-71,2,3 3mm 1mm 2

Table 5 - Operated cases sorted by follow-up time order

1-Nr. (cases); 2 - Gender; 9 -Follow-up (years); 10 - Pain grading. Evaluation by Merle d’Aubigné and Postel; 11 - Gait grading. Evaluation by Merle d’Aubigné
and Postel; 12 — Mobility grading. Evaluation by Merle d’Aubigné and Postel; 13 - Functional grading by Merle d’Aubigné and Postel; 14 — Presence of thigh pain;
15 - A (absent); Osteopenia: E (expansive type) Zicat et al’s - Z(zones) 1, 2 & 3 of DeLee and Charnley; 17 — Polyethylene material wearoff in mm; 17 — Migration
of the femoral component in mm; 18 — Femoral osteopenia according to Turibio (0-4); 43- Surgery side; 54- Preoperative and postoperative age.;65- Root
disease; 76- Singh’s osteoporosis X-ray grading (1-6); 87-Morphous-cortical index ;98- Grading for Sportorno’s cementless prosthesis indication.
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of wearoff was present and correlated to the presence of osteopenia
with RR of 1.37 (1.09-2.65).

According to Spotorno® criteria for the indication of cementless
prosthesis, 39 patients (72,2%) showed a score lower or equal to
four, eight patients (14.8 %) a score five, and seven patients (13%)
a score six or above.

The presence of femoral nail migration occurred in 19 arthroplasties
(85.2%), with 1.5 mm as the mean rate. The presence of migration
was not correlated to a grade inferior to 2 IMC points recommended
by Spotorno® with RR of 1.22 (0.78-2.34).

No statistically significant evidence was seen between age and
clinical functional outcome (RR: 0.75 ranging from 0.32 to 1.75,
with the Fisher’s exact test (p > 0.05).

Figure 3 - Postoperative control X-ray image of case 51 (table 5) with 18
years of follow-up

76%

medium

Very good
good fair

Figure 4 - Results of the functional evaluation according to Merle, d’Aubigné
and Postel criteria

Zicat Delee and Charnley

Incidence and Type Zones

Present in 24 patients; expansive
type (44.4 %)

| - 12 Patients (50 %)
Il - 20 Patients (83.3 %)
Il - 11 Patients (45.8 %)

Absent in 30 patients (55.6 %)

Table 3- Distribution of acetabular osteopenia according to Zicat's criteria
and to Delee and Charnley’s zones.

ACTA ORTOP BRAS 16(4: 217-222, 2008)

Turibio grading Nr. of patients

Grade 0: Absence of osteopenia 24 patients (44.4 %)

Grade 1: osteopenia restricted to the major
trochanter region

2 Patients (3.7 %)

Grade 2: osteopenia extending from major
trochanter to the minor trochanter region

24 Patients (44.4 %)

Grade 3: osteopenia on major and minor
trochanter regions extending to the shaft
medium third

4 Patients (7 %)

Grade 4: osteopenia throughout the 0 Patient (0 %)

extension of the femoral implant

Table 4 - Distribution of femoral osteopenia cases according to Turibio’s
criteria

DISCUSSION

Our sample was consistent to the literature articles reviewed con-
cerning gender, age, Singh’s index and IMC419),

The clinical evaluation, according to the criteria described by Merle
d’Aubigné and Postel, with 92.7% of good results shows similarities
compared to other studies addressing the same prosthesis419,
The special attention given to the existence or absence of thigh
pain was aimed to compare our results with other cementless
prosthesis conceptions, which, in some other studies®'® showed
a much higher incidence than the 3.7% rate found in our series.
For being made of titanium alloy, the Spotorno® nail is sharp at
its distal portion, and with no shaft anchorage makes us think like
other authors who attribute thigh pain to distal fixation, to the elastic
module of the material (CoCrMo) and to the stiffness created on
the follow-up®© 517,

The presence of osteopenia on acetabular (44.4%)?"% and femoral
(55.6%)®'® regions, as well as on the zones and types ascertained,
have been previously described by other authors who also found
no correlation with the clinical outcome™. Most of these results,
although previously described, were reported for shorter follow-up
periods and should have had a longer follow-up time. The mean
follow-up time of 15 years has contributed to our attempt to better
understand the significance and evolution of such osteopenia or
osteolysis as some articles suggest®?. We considered the grading
used for osteopenia in the study as appropriate and feasible. How-
ever, we think that for better checking bone mass loss, a method
that, in addition to categorize zones and kinds of osteopenia, could
also differentiate its severity would be required. Thus, we could
subdivide our groups and try to stratify our sample concerning
magnitude (degree), for example: expansive-type osteopenia, on
zone | and with severity degree (mild, moderate or severe). Another
factor deserving attention is the fact that some articles show results
for isolated components of the Spotorno® prosthesis in hybrid
arthroplasties, thus allowing the potential of investigation biases
concerning osteopenia, osteolysis and other endpoints. The correla-
tion between polyethylene material wearoff and a higher incidence of
osteopenia™®?), as well as a sharper polyethylene material wearoff
on patients below the age of 55, has also been shown in previous
studies, which suggest that younger patients tend to demand more
from an implant 172", The mean wearoff rate of 2 mm as measured in
our mean follow-up (15 years) (0.13 mm/ year), may offset the mean
wearoff rate found in literature for cemented prostheses®), being
inferior to those described on articles assessing the wearoff rate
on non-cemented acetabula (non-expansive) in shorter follow-up
times®@). Like other authors, we believe that this is due to a number
of aspects characteristic of the Spotorno® expansive acetabulum,
such as: a better distribution of loads provided by the elasticity®
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of the expanded wings; an increased minimum thickness of the
polyethylene material (the narrower one is 14 mm) above the re-
quired as a minimum specification for other cementless prostheses
conceptions (5-9mm) and a decreased thickness of the metalback.
Femoral nail migration and accommaodation in 19 patients (35.2%)
(average: 1.5mm) are consistent to the biomechanical theory long
advocated by Spotorno® for cementless wedge-like nails and, cur-
rently, very well recognized by advocates of the polished cemented
collar-free wedge-like nails(9), making us believe that until second-
ary fixation is established by osteointegration the adjustment of the
squared wedge-like nail may and should occur in bone sheath. No
statistical difference was found in the comparison of clinical and X-
ray outcomes to the criteria for Spotorno® surgery indication. This
evaluation was possible due to the fact that, in our surgeries, we
were not so strict to Spotorno® criteria for indication of cementless
arthroplasty, with seven patients (13%) being operated with a score
of six or above. However, some years of follow-up were required for
us to agree with other authors who also consider a higher flexibiliza-
tion of the indications®®.

The results found and assessed in our series reinforce the idea
we had over this period, when, on an year basis, in our outpatient
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facilities, the patients were reviewed by assessing their X-ray im-
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