Acta Orthopaedica 2006; 77 (6): 871-876

871

Radiolucent lines and osteolysis along tapered
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A comparison of 6-year and 10-year follow-up results in 95 patients
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Background The progress of radiolucent lines (RLs)
around the stems of cementless hip endoprostheses and
their implications for implant survival are unclear.

Patients and methods 150 consecutive total hip
replacements (THRs) were performed between January
and July 1993. The presence and development of RLs
and osteolyses were monitored with a standardized spe-
cial radiographic technique, and the results were com-
pared at 6 and 10 years of follow-up in 95 patients.

Results At 6 years, RLs were detectable in 43 of 95
patients. RLs with an extension of 50% of the respec-
tive zone were present in 35 patients, almost all in Gruen
zones 1 and 7. 2 patients presented with osteolysis. At 10
years, the RLs were almost identical—both in number
and thickness. Only 1 additional osteolytic lesion had
developed; no cup osteolyses were detected, and there
was no significant polyethylene wear.

Interpretation The RLs detected at 6 years were vir-
tually unchanged at 10 years. As they did not progress,
they would not jeopardize implant stability. However,
the osteolyses seen in 3 patients emphasize the impor-
tance of follow-up examinations.

The survival of hip implants largely depends on
the quality of implant anchorage in the surround-
ing bone. Cemented implants derive their stability
from the interdigitation of the cement at the bone
surface, while cementless implants are stabilized
by the direct contact of the implant with the sur-
rounding bone—and later on also by the ongrowth
of newly formed bone tissue to the implant surface

(Albrektsson et al. 1981, Lintner et al. 1986, 1988,
Zweymiiller et al. 1988, Branemark et al. 2001).
Any abnormality, which elicits the growth of a
connective tissue layer between the bone cement
and the bone (Goldring et al. 1983, Jones and Hun-
gerford 1987, Pacheco et al. 1988) or between the
implant and the bone (Engh et al. 1990, Lintner et
al. 1999) may interfere with the bone-implant unit,
so that the implant may loosen.

Gaps between the bone cement and the femo-
ral bone are reflected by radiolucent lines (RLs).
These usually begin to develop around the proxi-
mal stem, are generally progressive, and confront
the surgeon with a considerable challenge, if they
are not diagnosed or long left alone. In contrast,
around cementless tapered straight stems, well-
demarcated RLs (usually small) are often seen
and are considered irrelevant for implant survival
(Zweymiiller and Samek 1990, Pieringer et al.
2003, Schneider and Knahr 2004, Pospischill and
Knahr 2005).

We routinely use a further developed straight
tapered implant (SL-Plus stem) irrespective of
the underlying anatomy, the age of the patient or
the bone density (Lhotka and Zweymiiller 2002,
Zweymiiller 2002). Around this implant, radiolu-
cent lines tend to be seen—as around its predeces-
sor, the Alloclassic stem (Dohle et al. 2001, Garcia-
Cimbrelo et al. 2003, Griibl et al. 2003, Pieringer et
al. 2003), which we implanted until 1993.

All studies of radiolucent lines conducted so
far have focused on a specific point in time after
implantation and thus give no clues as to their fur-
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Table 1. Patients at 6-year follow-up (FU) (n = 150) and
10-year follow-up (n = 118)

6-year FU 10-year FU

Dead 15 10
Only contacted by phone

(no revision) 7 10
Missed 3 2
Revision after trauma

(excluded from FU) 1 1

Followed up, radiographic

data incomplete (no revision) 6 -
Lost to follow-up (total) 32 23
Followed up (total) 118 95

ther development. Consequently, they have been
useless for predicting the prognosis of the implants
(Wick und Lester 2004). This prompted us to ana-
lyze the outcome at 10 years and compare it with
the 6-year data, to find out whether radiolucent
lines progress and whether their progression pre-
dicts the long-term prognosis of the implant. The
site of the radiolucent lines and their extension
within the Gruen zones was another point of inter-
est. The rate and radiographic appearance of osteo-
lytic lesions were also evaluated.

Patients and methods

Between January and July 1993, 150 consecutive
primary THRs were performed at our department
using a cementless implant (Plus Orthopedics AG,
Rotkreuz, Switzerland) with a tapered straight
stem with a rectangular cross-section made of a
titanium-aluminum-niobium  alloy  (TizAl,Nb),
a self-tapping cementless double-cone (biconi-
cal) cup of pure titanium, and a ceramic ball head
articulating with a polyethylene inlay (Zweymiiller
2002). This system was developed by modifying a
previous design (Zweymiiller and Semlitsch 1982,
Zweymiiller et al. 1988) and has been used at our
department since early 1993.

In 1998/1999, i.e. at least 5 years after the pri-
mary THR, we tried to contact the 150 patients
for clinical and radiographic follow-up examina-
tions. Data from 118 patients could be evaluated
(Table 1). The mean age of the patients avail-
able for follow-up was 65 (40-83) years and the

Table 2. Preoperative diagnoses (n = 118)

Idiopathic osteoarthritis 95
Dysplasia osteoarthritis

Femoral head necrosis

Status post femoral neck fracture
Status post intertrochanteric osteotomy
Posttraumatic osteoarthritis

Protrusio acetabuli

Others

N
N=MNDMNONW-=

mean follow-up time was 6 (5-7) years. The pre-
THR diagnoses are listed in Table 2. In 2003, the
patients were again recalled. 95 individuals from
the original 6-year group were available for follow-
up (Table 1).

The patients underwent both clinical and radio-
graphic follow-up examinations. Harris Hip Score
was determined preoperatively and at follow-up.
Radiographic follow-up consisted of anterior-poste-
rior radiographs of both hips and of anterior-poste-
rior and axial radiographs of the replaced hip. Care
was taken to image the implants in strictly ortho-
grade views. On anterior-posterior radiographs, the
implant holes in the trochanteric region had to be
round (Figure 3). On axial films, the implants were
imaged precisely in the frontal plane. Frog-leg posi-
tions (Lauenstein position) were omitted because
they would not provide more information.

The patients underwent first postoperative
radiography about 1 week after surgery in all pro-
jections except for axial views of the femur, which
were first obtained after 6 weeks. These constituted
the zero control with which all 6- and 10-year films
were compared.

Radiolucent lines (RLs), radiodense lines (RDs)
and osteolysis were defined as follows.

RL: A radiolucent zone between the implant
and the surrounding bone, usually parallel to the
implant surface (Figure 1A). RLs mostly remain
constant, without any tendency to progress and
reflect a connective tissue layer. They are therefore
considered to be a sign of absence of osseointegra-
tion (Lintner et al. 1986, 1988, Engh et al. 1990,
Branemark et al. 2001).

RD: Bony demarcation of RLs on the bone side
(Figure 1A), also known as inner corticalis (Mittel-
meier 1976) or secondary bone ring (Lintner et al.
1986). RDs are clearly defined, homogeneous scle-
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Figure 1. A. lllustration showing definition of radiolucent
line (RL) and radiodense line (RD) around proximal stem.
B. lllustration showing definition of osteolysis (longitudinal
and focal) around proximal stem.

rotic zones without irregularities or bone resorp-
tion. Like RLs, they usually remain constant with-
out any tendency to progress.

Osteolysis: Irregularly shaped radiolucent zone
along the implant-to-bone interface, irregularly
demarcated from the surrounding bone, which may
show breaks or resorption (Figure 1B). Osteolyses
tend to progress.

RLs were rated twice based on their extension
relative to the long axis of the femur: (a) all vis-
ible RLs detected were considered, and (b) in
accordance with Wick and Lester (2004), only RLs
involving 50% or more of the zone affected were
considered.

Results

RLs and RDs were mainly present in Gruen zones
1 and 7 at 6 years. In most cases they had a width
of no more than 1-2 mm (Figures 2 and 3). At the
10-year follow-up, there was a minimal increase
in the number of double contours compared to the
6-year follow-up (Table 3).

6-year FU none 1mm | 2mm >2mm |osteolyses

10-year FU none 1mm | 2mm >2mm |osteolyses

5317 12| 11| 2 63[11/13| 6 | 2
51(16/13| 13| 2 61(11/14| 6 | 3
al1|1|-]- 11| -] -
a1 |1|-]- 931 (1] -]-
o5 - | -|-|- o5 - |- - |-
o5 - |- |-|- o5 - SN

95| - | - |- |-

o5 - | - | -| -

Figure 2. Radiolucent lines and osteolyses by Gruen
zones. Comparison of results at 6-year and 10-year follow-
up (FU).

The mean Harris Hip Score (HHS) was 54
(26-88, SD 13) preoperatively, 97 (73-100, SD
5.4) at the 6-year follow-up, and 95 (32-100, SD
9.2) at 10-year follow-up. There was no correla-
tion between the HHS and the presence or extent
of RLs.

2 patients presented with alterations at the 6-
year follow-up, which were clearly distinct from
RLs and RDs. Located in zones 1 and 7, they were
irregularly demarcated and showed a tendency to
affect the peri-implant bone in terms of osteolysis
(Figure 4). One of them was longitudinal in appear-
ance, and the other focal.

At 10 years, these 2 osteolyses were still pres-
ent and another longitudinal osteolytic lesion had
developed (Figure 4). They had not yet caused any
instability of the stems. Patients with osteolysis

Table 3. Radiolucent lines and radiodense lines at 6-year and 10-year
follow-up. Data in parentheses relate to radiolucent lines involving 50% or

more of the zones affected (n = 95)

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7

Identical 39 (27) 2(-)
Increasing 1 -
Newly formed 2 =

= - 2(1) 28(24)
= = = 1
= = = 2
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B) 1.5 years postoperatively. C) 4.5 years postoperatively. D) 10 years postoperatively.

There was an RL of nearly No change of RL and RD No change except a slight

2 mm in zones 1 and 7. The compared to B. At the distal increase in the sclerosis in

boundary of the RLis aregu- end of the lines there is a zone 7, thus reducing the
/ lar formed dense line (RD) small area of sclerosis. extent of the RL and RD.

3 corresponding to the preex-

Figure 3. A) 50 year-old isting bone stock, and run-

woman. Postoperatively. ning parallel to the implqnt
surface. Atrophy of the medial

cortical bone at zone 7.

Figure 4. A) 65 year-old B) 3 years postoperatively: C) 6 years postoperatively: D) 10 years postopera-

woman. Postoperatively. RL showing different diam- increasing RL, in both width tively: significantly increased

etersinzone 1;RLof2mm and distal extension, in diameter of RL and widening

in zone 7. Inhomogeneous zones 1 and 7.

structure of RD in zone 1.

Cumulative proportion surviving

1.00
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0.94 1
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Figure 5. Kaplan-Meier survivorship curve showing 98%
implant survival at 10 years with revision of the stem for
any reason as the endpoint (95% Cl: 99.5-92.5).

also towards distally in zones
1 and 7. The correspond-
ing RD showed an irregular
density and distance to the
implant surface.

did not show any signs suggestive of radiographic
changes clinically and in terms of the HHS (the
score being 100 for all of them). The correspond-
ing cups were normal. There were no osteolytic
lesions in the peri-cup bone. The amount of wear
from the polyethylene inlays was practically nil in
1 case, less than 1 mm in another case and 1.5 mm
in the third case.

Early postoperative complications within the first
8 weeks included 3 dislocations. 2 patients were
revised because of trauma during the follow-up
period (Figure 5). There were no revisions because
of infection or aseptic loosening.
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Discussion

This study was intended to allow us to establish the
rate of radiolucent lines around the stepless (SL)
stems we use, and to show whether these remain
constant or progress. The extension of RLs and the
zones affected by them, as well as their differentia-
tion from osteolytic lesions, were other points of
interest. Based on these data, we wanted to find out
whether a predictable long-term outcome can be
achieved with these implants.

The consistency of RLs and RDs between the
6-year and the 10-year follow-ups can be inter-
preted as signaling a positive prognosis for implant
survival. It argues against a pathological process
but simply reflects the absence of bone-to-implant
contacts in the areas affected. In all other Gruen
zones, the implants were firmly anchored in terms
of osseointegration as defined by Albrektsson et al.
(1981) and by Branemark et al. (2001). Apparently,
RLs and double contours do not jeopardize stem
stability and are unlikely to do so in later years,
provided PE wear does not reach significant levels
over time, which exceed the patient’s tolerance
limit and thus initiate an osteolytic process (Dum-
bleton et al. 2002).

Based on 10- and 15-year follow-up data, others
have also reported RLs in about the same propor-
tion of cases (Garcia-Cimbrelo et al. 2003, Pier-
inger et al. 2003, Pospischil and Knahr 2005).
However, their data were derived from retrospec-
tive single-date follow-up studies, which at best
give instantaneous information, but do not provide
any clues as to the time at which the alterations
occur, and as to their progression or consistency.

The comparative study of Wick and Lester
(2004) of the Alloclassic stem and the SL-Plus
stem, in which they reported varying percentages
of RLs, has a similar problem. Although explicitly
described as a follow-up study, the authors were
unable to provide any information on the nature of
the RLs, i.e. whether or not they were progressive,
but they insisted that the presence of RLs was pre-
dictive of the outcome of only the SL-Plus stem
generation. In contrast, our study has shown that
RLs represent a steady state in the overwhelming
majority of cases, without any tendency of progres-
sion so that they do not compromise the outcome.
In an earlier publication, the frequency, position

and width of RLs was evaluated around Alloclassic
stems at a mean follow-up time of 2 years (Zwey-
miiller and Samek 1990). The percentages found
with the earlier stem design were almost identical
to those seen with the stem used today.

The mechanisms underlying the development of
peri-implant RLs and RDs, particularly in zones
1 and 7, in what is in fact a relatively large per-
centage of cases, are still poorly understood. One
likely explanation is that more cancellous bone is
removed by rasping the bone at the level of the neck
resection line and just distal to it than is replaced by
the implant. As a result, a gap is present between
the implant and the bone from the time of implant
placement. This gap is apparently not obliter-
ated by newly formed bone in the zones affected,
although the peri-implant bone is still adequately
vascularized by endosteal vessels because of the
sparing preparation of the medullary canal using
rectangular rasps (Lintner et al. 1988, Lester and
Campbell 1996). This assumption is supported by
the relatively early radiographic detectability of
the alterations after THR, which are manifest at
about 1 year. Koster et al. (1998) confirmed this
time course.

Micromotions of the end of the proximal stem
can safely be ruled out as a factor in the develop-
ment of RLs, in view of the thickness of the metal
and the small extension of the RLs distally to zones
1 and 7. By contrast, relative motions of the femur
on the rigid metal at the level of the trochanter
caused by the muscle pull on the rigid metal may
well be a factor underlying the development of RLs
in zone 1. This would not explain RLs in zone 7,
however.

Alterations compatible with our definition of
osteolysis are a different matter. Their hallmarks
are an irregular demarcation and a tendency to
expand in width and distally in the peri-implant
bone (Figure 5). The cortical bone may also
undergo lysis. An analysis of the cups of affected
patients showed full stability without any signs of
osteolysis. The PE wear amounted to just under 1
mm in one patient and to over 1 mm in another,
however. That there may have been a specific indi-
vidual response to particulate PE wear in these
cases is, however, speculative.

Our comparative radiographic follow-up study
underscores the need for a differential approach
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to peri-implant lines and critical interpretation of
them. Radiolucent lines which do not progress
over time carry a good long-term prognosis.
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