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Abstract

Background. According to the analysis of large arthroplasty registers we have noted the increase in the use of non-
cemented implants, because the latter shows the same results of implant survival as well as cemented implants. On
the other hand, they can affect the quality of the bone around the implant in different ways. These components differ
in shape, length, and surface properties. According to the analysis of the arthroplasty register of the Vreden National
Medical Research Center of Traumatology and Orthopedics, a significant decrease of the Alloclassic femoral stem
using can be noted. In parallel the use of its SL-PLUS MIA modification has increased significantly.

Aims of the study: 1) to determine the influence of changes in the design of the Zweymiiller-type femoral stem
on midterm and long-term outcomes and its survival; 2) to identify the characteristics of adaptive remodeling
of periprosthetic bone tissue around these femoral stems; 3) to determine risk factors for aseptic loosening of
these femoral stems.

Methods. 492 cases of hip arthroplasty using the Alloclassic and SL-PLUS MIA femoral stems were observed, with
an average follow-up 78.6 months. The patients were divided into 2 groups according to the type of femoral stem.
The assessment the hip articulation condition was carried out using the HHS and OHS. The intensity of the pain
syndrome was assessed by VAS, and the level of patient’s satisfaction. The dynamic analysis of X-rays was also
performed visually.

Results. A significant improvement in clinical and functional results was observed according to the HHS and OHS
in both groups of patients, regardless of the type of femoral stem. Analysis of X-rays over time showed differences
in the behavior of these two femoral component models. The radiolucent lines around the femoral stem are absent
in SL-PLUS MIA group, in Alloclassic stem group radiolucent lines are present even at a minimal period (12 months).
We also found that a tight fit of Zweymiiller femoral stems in the distal shaft is a risk factor for severe stress-
shielding syndrome, especially in the funnel channels. But ceteris paribus, a distal tight fit of SL-PLUS MIA stems
despite similar geometry of the distal part does not lead to such frequent manifestation of severe stress shielding.
Conclusion. The change in Zweymiiller stem design from Alloclassic to SL-PLUS MIA improved the nature of adaptive
remodeling in the periprosthetic area of the femur. It may improve the long-term results of primary hip arthroplasty,
but these differences require closer observation.
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Pecdepar

AKmyanbHOCmb. AHAI3 KPYITHBIX PETUCTPOB apTPOILIACTMUKY TTOKA3bIBAET, YTO HABGIIONAETCS 3HAUNTENIbHBIN POCT UCITOJb-
30BaHMsI GeCIIEMEHTHbIX 6eIpeHHbIX KOMIIOHEHTOB, TAK KaK COBpeMeHHbIe KOHCTPYKIIMM TTOKA3bIBAIOT CXOXKME PEe3YIbTaThl
BbDKMBAEMOCTY Kak IMMpYU I[eMEHTHOI, Tak U Mpu GeciieMeHTHOI dukcanyy. OgHAKO 3TV KOMITOHEHTBI Pa3IMyaloTCs o
dbopme, IvHE M CBOIICTBAM MOBEPXHOCTH, TIO3TOMY MOTYT O-Pa3HOMY BJIMSTh HA KA4eCTBO KOCTM BOKPYT MMIUIAHTATA.
CornacHO JaHHBIM peructpa sHpaonporesupoBanusi HMULL TO um P.P. BpeneHa, oTmeuaeTcss 3HaUUTE/bHOE YMEHbIIIe-
HMe IOJIM UCIIO/Ib30BaHus 6egpeHHoro kKomroHeHTa Alloclassic, B TO BpeMst Kak OIS MCITOJIb30BaHMSI €T0 MOAVGUKALUM
SL-PLUS MIA 3HaunTeNnbHO YBeINYUIACh.

Ilenu uccnedosanus: 1) onpenenuTb, BIUSIET I U3MeHEHMe Ou3aiiHa OeIpeHHOro KOMIOHeHTa Tuna Zweymiiller Ha
CpelHeCPOUHbIE M OTHAJEHHbIE PE3YJIbTAThI U €T0 BbDKMBAEMOCTbD; 2) ONpeeanTh 0COOEeHHOCTM afalTUBHOTO PeMoie-
JIMPOBAHMS TIEPUTIPOTE3HOI KOCTHOM TKAHU B 06JACTY UMILIAHTAIIMU 3TUX GeIpeHHbIX KOMIIOHEHTOB; 3) OIpeneauThb
(axkTOphI pMCKa aCENITUUECKOTO PACIIATHIBAHNS JAHHBIX O€IPEHHBIX KOMIIOHEHTOB.

Mamepuan u memoosi. BoinosiHeH aHanmmu3s 492 ciayyaeB SHOHOIIPOTE3MPOBAHMS Ta300eqPEHHOr0 CYCTaBa C MCIOIb30-
BaHMeM KoMmIoHeHTOB Alloclassic n SL-PLUS MIA. Cpenuuii cpok Habmogenus — 78,1 mec. (MKU 36,0—132,0). ITamu-
€HTBI OBUIM pa3/iesieHbl Ha ABe TPYIMIbI B 3aBUCUMOCTY OT TUIIA 6eJpeHHOTO KOMIIOHeHTa. [IpoBeeHa KIMHMUYECKast
OlleHKa COCTOSIHMS Ta300eIpeHHOro cycTaBa o mkaaam Harris 1 OHS, TOMOMHUTENbHO OIeHUBAIUCh MHTEHCUBHOCTD
6omeBoro cuHApoma 1mo VAS U ypoBeHb yIOBAETBOPEHHOCTYU MAI[MEHTOB pe3yJbTaTaMy JieueHMs. Takke BbITTOJHEH
aHa/lIu3 peHTreHOrpaMM B JMHAMUKe.

Pe3ynsmamest. 3HaUUTENbHOE YAYUIIeHVE KIVMHUKO-(QYHKIIOHATBHBIX PE3yIbTATOB HabM0manoch mo mkasam HHS u OHS
B 00euX rpymmax naiyMeHTOB He3aBUCUMO OT TUIIA GeIpeHHOTO KOMITOHEHTA. AHAIM3 PEHTreHOTrpaMM B AMHAMUKE T10-
Kasas pasjauuusi B MOBEAEHUM ITUX ABYX Mojeseil 6eIpeHHOr0 KOMITIOHEHTA. JIMHUY PEeHTreHOBCKOTO ITPOCBETIEHMS
BOKDYT 6eIpeHHOTO0 KOMITOHEHTA OTCYTCTBOBAIM TPU MCIIONIb30BaHMM OGelpeHHOro KommnoHeHTa SL-PLUS MIA, a mpu
ucnoab30BaHMy HOXKM Alloclassic mpucyTcTBOBaMM Jaske Mpy MUHUMAaJIIbHOM CpoKe HabmwogeHus (12 mec.). @akTopom
pPUCKA Pa3BUTHS TSKEJIOTO CTPeCC- IIVIIIMHT CUHIPOMA TIPY UCITOIb30BaHMM GeApeHHbIX KOMITOHEHTOB Tuma Zweymiiller
SIBJISIETCS TUIOTHAS MOCAAKa B AVICTAIBHOI YaCTU HOXKM, 0COGEHHO B BOPOHKOO6Gpa3HbIX KaHanax. Ho mpu mpouynx pas-
HBIX YCJIOBUSIX IVIOTHAS AUCTaabHas nocajgka Hoxkek SL-PLUS MIA, HecMOTps Ha CXOKYI0 reOMeTPUIO AUCTAIbHOM 4acTH,
He NMPUBOAUT K CTOJIb YaCTOMY ITPOSIBJIIEHUIO TSIKEJIOTO CTpeCcc-IMIWIIMHTA.

3axntouenue. VismeHeHne ay3aitHa HOkkM Tima Zweymiiller u3 Alloclassic B SL-PLUS MIA mo3BoaWIO YIydlINTh XapakTep
aZaTrTUBHOTO PEMOJIETMPOBAHMS IIEPUITPOTE3HON 30HbI 6eJPeHHOI KOCTH, UTO, BO3MOXKHO, YAYUIIUT OTHATEHHbIE PE3YITb-
TaThbl IEPBUYHOTO SHAOIIpoTe3upoBaHusi TBC. Ho qaHHbIe pas3nnuus TpeGyIoT aTbHEeMIIero HabmoeHus.

KaroueBsbie ciioBa: SHOOIIPOTE3NpPOBaHME TaSOGGHPGHHOFO CyCTaBa, BbDKMBA€MOCTb S9HAOIIPOTE3a, IMHUM PEHTI€HOBCKOI'O
IMPOCBETIEHNS, aCeIITUYeCKOe pacCllaTbIBaHNe 6e,upeHHoro KOMIIOHEHTa.
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BACKGROUND

One of the trends in modern arthroplasty is the
increasing frequency of using non-cemented im-
plants in hip replacement, which is confirmed
by the data of numerous arthroplasty regis-
ters!® and scientific publications [1, 2, 3, 4, 5].
On the one hand, this is due to the fact that ex-
isting non-cemented prostheses show similar or
even better survival results than cemented ones
[4, 6,7, 8]. On the other hand, the use of cemented
implants, despite their relative cheapness, is as-
sociated with an increase in the surgery duration,
which levels their economic attractiveness [6, 9].

Nowadays, there is a huge number of non-
cemented femoral stems of different geometry,
which, due to their design features, transfer the
load to the underlying bone in different ways,
leading to formation of specific adaptive remod-
eling response [10, 11]. In some cases, the normal
process of adaptive bone remodeling becomes
negative, and leads to bone weakening and im-
plant loosening [10, 12].

Analysis of hip arthroplasty register of the
Vreden National Medical Research Center of
Traumatology and Orthopedics has revealed a
tendency towards gradual decrease in the pro-
portion of straight wedge-shaped stems with a
rectangular cross-section compared to proxi-
mally curved wedge-shaped stems fully coated
with hydroxyapatite. In particular, the most
commonly used Zweymdiiller (Alloclassic) femo-
ral stems have become five and a half times less
frequently used, with their share decreasing from
42.4% of all non-cemented stems in 2007 to 7.7%
in 2018-2020. At the same time, the SL-PLUS MIA
modification of this stem was used in only 0.8%
of cases in 2014 (at the beginning of use) and in
2018-2020 - in 14,0% [5].

Aims of the study: 1) to determine the influ-
ence of changes in the design of the Zweymiiller-
type femoral stem on midterm and long-term
outcomes and its survival; 2) to identify the char-
acteristics of adaptive remodeling of peripros-
thetic bone tissue around these femoral stems;

3) to determine risk factors for aseptic loosening
of these femoral stems.

METHODS

Hip arthroplasty register database contained
1580 cases of primary arthroplasty using two
Zweymiiller stem models: Alloclassic (Zimmer-
Biomet) and SL-PLUS MIA (Smith+Nephew). Of
these, only 779 observations had both pre- and
postoperative X-rays. Of these cases, some obser-
vations were lost to complete analysis: 9 patients
(11 observations) had died by the time of the
study, and 269 patients (276 cases of hip arthro-
plasty) could not be contacted. Therefore, assess-
ment of functional results and analysis of X-rays
in dynamics were performed in 492 (63.2%) obser-
vations out of 779 at a mean time of 78.1 months
(IQR 36.0-132.0; Me = 60.0: 12.0 to 180.0) (Fig. 1).
Patients were operated by different surgical teams
using different approaches and were divided into
two groups according to the type of the stem.
Alloclassic stem was used in 37.3% of cases in
men and 62.7% of cases in women, whereas SL-
PLUS MIA stem was used in 25.3% of cases in
men and 74.7% of cases in women (p = 0.012).
There was also a statistically significant differ-
ence in the frequency of stem use in complex cases
of primary hip arthroplasty: Alloclassic stems were
used in 80.3% of complex cases and 19.7% in stan-

SL-PLUS MIA

101 167

Alloclassic

186 325

% 10% 20% 30% 40% 50% 60% 70%  80%
(Number of lost observations

90%  100%

Number of observations available for subsequent analysis

Fig. 1. Distribution of observations by the type
of femoral stem

! American Joint Replacement Registry. Annual report 2020. Available from: http://www.ajrr.net/publications-data/annual-reports.
% Australian Orthopaedic Association. National Joint Replacement Registry, 2022 Annual Report. Available from: https://aoanjrr.sahmri.com.
3National Joint Registry for England, Wales, Northern Ireland and the Isle of Man 19* Annual Report 2022. Available from:

https://www.njrcentre.org.uk.

4Norwegian Hip Arhtroplasty Register Annual Report 2021. Available from: http://nrlweb.ihelse.net.
5Swedish Hip Arthroplasty Register. Annual Report 2021. Available from: https://registercentrum.blob.core.windows.net/slr/r/SAR-

Annual-Report-2021-SJIAFmIRI5.pdf.

6The German Arthroplasty Registry (EPRD — Endoprothesenregister Deutschland). Annual Report 2020. Available from: https://www.eprd.de.
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dard cases, while SL-PLUS MIA stems were used in
93.2% and 6.8%, respectively (p<0.001) (Tab. 1).

Follow-up period was statistically signifi-
cantly longer when Alloclassic stems were used
(p<0.001). Patients operated with SL-PLUS MIA
stems had a follow-up period of 37.6 months (IQR
24.0-48.0: Me = 36.0: 12.0 to 84.0), while patients
operated with Alloclassic stems had a follow-
up period of 99.4 months (IQR 60.0 to 144.0;
Me =96.0: 24.0 to 180).

Clinical outcomes of hip arthroplasty were as-
sessed according to the Harris Hip Score (HHS), the
Oxford Hip Score (OHS) and the satisfaction index
on a 10-point scale. Pain syndrome intensity was
assessed by 10-point VAS.

To achieve the goals, we processed and ana-
lyzed X-rays of all patients before and after sur-
gery using the "mediCAD® Classic" software
(Sante Medical Systems, Russia).

The following quantitative parameters were
measured on preoperative and postoperative pel-
vic X-rays:

— femoral offset,

— difference in limb length,

— Dorr index [13],

— degree of prosthetic filling in the three
Gruen zones [13],

- prosthesis axis/femoral axis angle.

Qualitative X-ray parameters were also
evaluated:

— presence of stress-shielding syndrome and
its severity according to the C. Engh classifica-
tion [14],

— presence of radiolucent lines around the
stem along the Gruen lines,

— presence of the cortical layer hypertrophy of
the bone,

— presence of pedestal [15].

Table 1
Distribution of observations by etiologic diagnosis, n (%)
Etiologic diagnosis Alloclassic SL-PLUS MIA Total
Standard cases of arthroplasty PHOA 105 (20.5) 16 (5.9) 121 (15.5)
AONFH 20 (3.9) 10 (3.7) 30 (3.8)
PFF 4(0.7) 0 (0) 4(0.5)
Total 129 (25.1) 26 (9.6) 155 (19.8)
Complex cases of arthroplasty DHOA 283 (55.3) 189 (70.5) 472 (60.6)
Arthritis 25 (4.8) 12 (4.4) 37 (4.7)
PTHOA 67 (13.1) 29 (10.8) 96 (12.3)
Ankylosis 7(1.7) 12 (4.7) 19 (2.6)
Total 382 (74.9) 242 (90.4) 624 (80.2)
Total 511 (100) 268 (100) 779 (100)

PHOA — primary hip osteoarthritis; AONFH — aseptic osteonecrosis of the femoral head; PFF — proximal femur
fracture; DHOA — dysplastic hip osteoarthritis; PTHOA — post traumatic hip osteoarthritis.

Statistical analysis

Statistical calculations were performed using
the SPSS Statistic v. 26 (IBM) software. Methods
of descriptive statistics were used. Taking into
account the non-normal data distribution, in
addition to mean values, the median (Me) was
used to measure the central tendency for the
studied parameters, and the lower (Q1) and up-
per (Q3) quartiles (25-75% IQR) were used as
measures of dispersion. Minimum and maxi-
mum values in the data series were also indi-
cated. Quantitative parameters in groups and

subgroups were compared using the Mann-
Whitney U-test, and for multiple comparisons
the method of single-factor analysis of variance
(ANOVA test) was used. Comparison of the fre-
quency characteristics of the parameters was
performed using the nonparametric chi-square
test, in case of a small number of observations
with the Yates correction. Prediction methods
were used for a number of parameters — cal-
culation of odds ratios (OR). Survival rates for
each type of the stem were determined using
the Kaplan-Meier method.
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RESULTS
Number of revisions and time of surgery

Twenty-eight out of 492 observations (64.1%
of 779 observations included in the study) were
performed between 2007 and 2020, representing
5.7% with an overall mean follow-up period of
7.7 years (IQR 3.5-11.5; Me = 7.5: 1.0 to 14.0).
There were 23 revisions in the Alloclassic group
(mean follow-up period was 93.3 months (IQR
36.0-132.0; Me = 108.0: 12.0 to 156.0), and 5 cas-
es were noted in the SL-PLUS MIA group (mean
follow-up period was 31.2 months (IQR 12.0-

Survival functions

Accumulated survival

00 50,00 100,00
Period of observation (months)
Femoral stem (FS)

ISL Plus MIA
-MAlloclassic

150.00 200,00

~1.00-revision
—+2.00-revision

Fig. 2. Survival of endoprostheses according
to the Kaplan-Meier method

54.0; Me = 24.0: 12.0 to 60.0). Despite the higher
number of revisions in the group of patients with
the Alloclassic stem, this difference was not sta-
tistically significant (p = 0.095) (Table 2). The 10-
year Kaplan-Meier prosthesis survival rate with
the endpoint "revision for any reason" was 92.8%
(Fig. 2).

Given the difference in the follow-up periods,
the structure of reasons for revision differed be-
tween the patient groups (Table 2). When using
the SL-PLUS MIA stem, there were no revisions
associated with aseptic loosening of the compo-
nents, and aseptic loosening of the Alloclassic
stem was noted in 6 (1.8%) cases.

Functional state of patients

The vast majority of patients had a signifi-
cant improvement in hip function after sur-
gery, expressed in an increase of the HHS com-
pared to the preoperative level. Preoperatively,
the mean HHS was 42.0 points (IQR 36.0-46.0;
Me=43.0:24.0t067.0),andaftersurgery-93.1points
(IQR 91.5-96.0; Me = 94.0: 72.0 to 98.0) (Fig. 3).

Patients with the Alloclassic stems had a
mean HHS of 93.1 (IQR 92.0-96.0; Me 94.0: 72.0
to 98.0) and those with the SL-PLUS MIA stems
had a mean HHS of 93.3 (IQR 91.0-97.0; Me = 95.0
(72.0 to 98.0; p = 0.001).

Distribution of the OHS was similar: patients
operated with the Alloclassic femoral stem had
a mean score of 44.7 (IQR 43.0-47.0; Me = 46.0:
36.0 to 48.0), and patients with the SL-PLUS MIA
femoral stem had a mean score of 44.3 (IQR 42.0-
47.0; Me = 46.0: 35.0 to 48.0; p<0.001).

Table 2

Reasons for revision in groups with different stems

Cause of revision Alloclassic (n = 325)
FS aseptic loosening 6(1.8)

AC aseptic loosening 4(1.2)
Prosthesis dislocation 5(1.5)
Infection 6(1.8)
Periprosthetic fracture 0(0)
Muscle weakness 1(0.3)
Pain syndrome 1(0.3)
Total 23 (7.1)

SL-PLUS MIA (n = 167) Bcero (n = 492)
0(0) 6(1.2)
0(0) 4 (0.8)
2(1.2) 7(1.4)
1(0.6) 7(1.4)
0 (0) 0(0)
1(0.6) 1(0.2)
1(0.6) 1(0.2)
5 (3.0) 28 (5.7)

FS — femoral stem; AC — acetabular component.
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Fig. 3. Average score on the HHS before and after surgery: a — Alloclassic; b — SL-PLUS MIA

Despite statistically significant differences in
functional scale scores, there was no significant dif-
ference in clinical outcomes. A high level of patient
satisfaction index was obtained in both groups with
no statistically significant difference between the
groups (p = 0.059). Patients operated with the use
of the Alloclassic femoral stem had a mean satis-
faction index of 9.0 (IQR 8.0-10.0; Me = 10.0: 4.0
to 10.0) and with the use of the SL-PLUS MIA - 8.6
(IOR 8.0-10.0; Me =9.0:3.0 to 10.0). The mean VAS
pain score of the patients with the Alloclassic fem-
oral stem was 1.0 points (IQR 0.0-2.0; Me = 0: 0 to
8.0) and that of the patients with the SL-PLUS MIA
stems was 1.6 points (IQR 0.0-2.0; Me = 1.0: 0 to
8.0; p = 0.404).

X-ray signs of adaptive bone tissue
remodeling around femoral stems

During the studied period of observation when
Alloclassic femoral stem was used in 108 (33.2%)
cases, hypertrophy of the cortical layer was de-
tected in the Gruen zones 2-6. The most pro-
nounced changes were observed in the zones 3
and 5. Pedestal formation in the distal part of the
stem was observed in 101 (30.1%) cases. When the
SL-PLUS MIA stem was used, hypertrophy of the
cortical layer around the implant was observed
only in 24 (14.3%) cases, and the pedestal was
formed only in 28 (16.7%) cases. However, this
discrepancy may be accounted for the differences
in the follow-up time, as the degree of adaptive
remodeling of the bone around the prosthetic
stem became more distinct over time (Pearson's
positive correlation R = 0.470; p<0.001).

At the long-term follow-up, rather significant
stress shielding (3-4 degrees) was detected in 39
cases. The third degree was detected in 27 cases
out of 325 (8.3%) in patients with the Alloclassic
stems (mean follow-up period 74.4 months (IQR
63.0-97.0), in patients with the SL-PLUS MIA
stems — in 2 cases out of 167 (1.2%) (mean fol-
low-up period 55.5 months). In other 10 (3.1%)
observations, grade 4 stress shielding was noted
when the Alloclassic stems were used (Fig. 4, 5).

In these cases, the mean follow-up period was
117.0 months (IQR 96.0-138.0). No significant bone
remodeling was observed in our study when using
the SL-PLUS MIA femoral stem, probably due to
considerably shorter follow-up periods (Table 3).

The time since surgery was the most sig-
nificant factor in the development of stress-
shielding syndrome. Odds ratio for detecting
grade 2-4 stress-shielding syndrome at follow-
up of 48 months or more was OR 5.662 (95%
CI: 3.171-10.113; p<0.001). However, there are
other factors, including anatomical features of
the femur and technical details of the femoral
stem implantation. A funnel-shaped canal (Dorr
type A) has been found to be a risk factor for the
development of more pronounced stress-shield-
ing syndrome (grades 2-4). Correlation between
the canal type and the severity of stress-shield-
ing syndrome is demonstrated using the chi-
square test. Chi-square value is 55.853, which
indicates a highly statistically significant corre-
lation (p<0.001) (Table 4).

Another factor affecting the development of
stress-shielding syndrome is the way the femo-
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Fig. 4. A 66-year-old patient in 2008 underwent left THA for primary idiopathic hip arthritis.

The canal fill index in the 1% zone was 0.63, and in the 2 and 3" zones, it was 1.0 (a).

At the time of the survey, the patient’s satisfaction was 10 points, and VAS pain score was 0. X-rays taken 13
years later show signs of stress shielding syndrome of the 4th degree, characterized by thinning of the inner

and outer cortical layers to the femoral diaphysis (b).

X-rays also reveal areas of osteolysis in the proximal part of the femur, especially clear up to the level of the
lesser trochanter, and osteolysis areas in the screw region in the retroacetabular zone, as well as heterotopic
ossification in the area of the greater trochanter (Brooker 1-2). The enlarged X-ray visualizes bone loss
(atrophy) without clear boundaries, while preserving the trabecular structure, especially at the border with the
implant. The bone in this case does not exhibit focal deformations typically seen in osteolytic changes. This is
because the mechanism of bone loss is related stress bypass in the distal direction, consequently resulting in

reduced loading bone in the proximal regions (c)

ral stem fills the canal. Tighter fit in the distal
third of the stem is a risk factor for the develop-
ment of more severe stress-shielding syndrome.
If the canal filling index with Zweymdiller stems
(Alloclassic and SL-PLUS MIA) is greater than the
mean value for the respective component type,
the risk of grade 2-4 stress-shielding syndrome
is higher than that with a filling index less than
the mean value (OR = 3.166; 95% CI: 2.02-4.96;
p<0.001) (Table 5).

In49 (15.1%) observations when the Alloclassic
femoral stem was used, the presence of radiolu-

Fig. 5. A 40-year-old patient in 2014 underwent left
THA for dysplastic hip arthritis, with a canal fill index
of 0.63 in the 1%t zone, 0.79 in the 2™ zone, and 1.0 in
the 3 zone (a). At the time of the survey, the patient
was satisfied with 10 points, and VAS pain score

was 0. X-rays taken 6 years later show signs of stress
shielding syndrome of the 3 degree, characterized by
thinning of the inner cortical layer below the level of
the lesser trochanter (b)

cent lines along the stem of the prosthesis, more
pronounced in the proximal region, was detected.
No such lines were found when using the SL-PLUS
MIA stem.

In our study, we could not detect the intensity
and localization of radiolucent lines depending on
the varus-valgus position of the stem (Table 6).
However, the presence of radiolucent lines may be
a sign of gradual loosening of the femoral stem.
Odds ratio for aseptic loosening of the Alloclassic
stem in the presence of radiolucent lines is OR
12.178 (95% CI: 2.167-68.446; p = 0.003) (Fig. 6).
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Table 3

Severity of stress-shielding syndrome depending on the femoral stem and its position

Severity of stress-shielding syndrome

Femoral stem Position in the canal Total
1 2 3 4
Alloclassic Varus 55 20 8 3 95
Neutral 12 108 17 12 7 156
Valgus 8 47 12 7 0 74
Total 29 210 49 27 10 325
SL-PLUS MIA Varus 6 31 12 0 0 49
Neutral 10 48 20 2 0 78
Valgus 5 23 12 0 0 40
Total 21 102 42 167
Total 50 312 91 29 10 492
Follow-up period, mos. 17.2 28.1 65.7 95.9 103.1
Table 4
Severity of stress-shielding syndrome depending on the Dorr index
Severity of stress-shielding syndrome
Femoral stem Dorr type Total
0 1 2 3 4
Alloclassic Dorr A 1 65 28 17 6 117
Dorr B 10 126 20 8 4 168
Dorr C 18 19 1 2 0 40
Total 29 210 49 27 10 [325
SL-PLUS MIA Dorr A 3 23 26 2 0 54
Dorr B 6 70 15 0 0 91
Dorr C 12 9 1 0 0 22
Total 21 102 42 0 167
Total 50 312 91 29 10 492
Table 5
Localization of stress-shielding syndrome depending on the degree
of canal filling at different levels
Severity of stress-shielding syndrome
Femoral stem Zone Degree of canal filling Total
0 1 2 3 4
Alloclassic <0.6 6 36 11 14 6 73
>0.6 23 174 38 13 4 252
<0.79 19 99 29 11 2 160
>0.79 10 111 20 16 8 165
<0.92 32 91 13 4 0 140
>0.92 7 109 36 23 10 185
SL-PLUS MIA <0.6 4 36 7 2 0 49
>0.6 17 66 35 0 0 118
<0.79 12 65 20 2 0 99
>0.79 9 37 22 0 0 68
<0.90 19 42 15 0 0 76
>0.90 2 60 27 2 0 91
Total 50 312 91 29 10 492
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Fig. 6. A 49-year-old patient: bilateral hip dysplasia with high dislocation of the left
hip (C2 according to Hartofilakidis) and low dislocation of the right hip (B2 according
to Hartofilakidis). In June 2011, left THA was performed with a shortening osteotomy
according to Paavilaainen. In March 2012, right THA was performed (a).

On follow-up X-rays in February 2014, radiolucency lines are already detected in zones
1,2, 6, and 7 of Gruen (b). However, until the beginning of 2020, there were no clinical
manifestations of femoral component loosening. On X-rays in September 2020, the
radiolucency lines became more pronounced (c), and the patient complained of hip
pain after loading. Revision of the femoral component was performed (d)

Table 6
Localization of radiolucent lines around the femoral stem

depending on its position in the canal and possible association with aseptic loosening

Localization of radiolucent lines according
No to the Gruen zones
Femoral stem Position in the canal lines Total
1zone | 2zones | 3 zones 4 or more
zones
Alloclassic Varus 79 6 4 4 2 95
Neutral 137 2 10 1 6 156
Valgus 60 1 6 1 6 74
Total 276 9 20 6 14 325
Revision due to FS aseptic loosening 9 1 0 0 3 6
SL-PLUS MIA Varus 49 0 0 0 0 49
Neutral 78 0 0 0 0 78
Valgus 40 0 0 0 0 40
Total 167 0 0 0 0 167
Revision due to FS aseptic loosening 0 0 0 0 0 0

13 2023;29(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Correlation between radiologic signs,
functional scale scores and patient
satisfaction

Presence of radiolucent lines in case of patients
with the Alloclassic stem was accompanied by
reduced functional scores according to all scales

compared to patients who did not have radiolu-
cent lines. The average level of pain syndrome
in these patients was higher, and the degree of
satisfaction with the results of the surgery was
lower. This difference was highly statistically sig-
nificant for all parameters (Table 7).

Table 7

Correlation between the presence of radiolucent lines, patients’ functional state according
to the OHS and HHS scales, VAS pain score and satisfaction index in the Alloclasic group

Radiolucent Statistical values
Scale li
Ines Mean value Me IOR 25-75% Min-Max
HHS Yes 87.8 89.0 87.0-90.0 72.0-97.0
No 94.3 94.0 94.0-95.0 87.0-97.0
OHS Yes 41.9 42.0 40.0-43.0 36.0-48.0
No 44.9 46.0 45.0-47.0 36.0-48.0
VAS Yes 3.1 3.0 2.0-4.0 0.0-7.0
No 0.4 0.0 0.0-0.0 0.0-6.0
Satisfaction index Yes 7.9 8.0 7.0-9.0 6.0-10.0
No 9.3 10.0 9.0-10.0 6.0-10.0

Group values for all scales are highly statistically significantly different in all groups (p<0.001).

DISCUSSION

This retrospective study showed that the wedge-
shaped non-cemented rectangular stems devel-
oped by Karl Zweymiiller provide reliable long-
term results. Survival rate for revision for aseptic
loosening of the Alloclassic stems was 98.2% at a
mean follow-up period of 166.3 months and 100%
for the SL-PLUS MIA stems at 37.5 months. Both
types of stems had high HHS and OHS values and
high patient satisfaction index independent of
the stem design. This is consistent with the gen-
erally accepted notion of a high efficacy of pri-
mary total hip arthroplasty using non-cemented
rectangular wedge-shaped stems [16, 17, 18, 19].
Analysis of X-rays in dynamics showed that
the development of the classical phenomenon
of stress-shielding syndrome (as described by
C. Engh [14]) depended on the time elapsed since
the arthroplasty, but was observed in a number of
patients already 12 months after surgery. Similar
changes were observed by other researchers
[20, 21]. According to our data, the risk factor for

the development of severe stress-shielding syn-
drome when using Zweymiiller stems is a tight fit
in the distal part of the stem (canal filling index
in the Gruen zone 3 is 0.98 and more), especially
in combination with a funnel-shaped canal (Dorr
type A). However, all other things being equal,
the tight distal fit of the SL-PLUS MIA stems,
despite the similar geometry of the distal part,
does not lead to such a frequent manifestation
of severe stress-shielding syndrome. According
to S.Nakamura et al.,, bone loss around the
Zweymiiller stems does not depend on the peculiari-
ties of the femoral anatomy, but the follow-up period
in their work did not exceed 12 months. [21].

Other unfavorable variants of bone remodel-
ing are radiolucent lines at the prosthesis-bone
interface [22]. Appearance of this phenomenon
also depended on the follow-up period, but it was
observed only in patients with the Alloclassic
stem. Mean follow-up period in the group with
the presence of radiolucent lines was 103.5
months in patients with the Alloclassic stem,
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with a minimum follow-up period of 12 months,
and 76.2 months in patients with no radiolucent
lines. Mean follow-up period with the SL-PLUS
MIA stem was 35.4 months, which is significantly
shorter than the mean period with the Alloclassic
stem and does not exclude the development of
this phenomenon in the future. At the same time,
the minimum term at which the lines are detect-
ed is 12 months. It is possible that the absence of
this phenomenon in the group with the SL-PLUS
MIA stems is due to the peculiarities of its de-
sign, in particular, the presence of hydroxyapa-
tite coating in the proximal part, especially since
the maximum follow-up period of these stems
in our study is 60 months. Probable influence of
the hydroxyapatite coating in the proximal part
of the stems is also confirmed by a comparative
study by A. Tanaka et al. in which they found
radiolucent lines when using the SL-PLUS MIA
stems with hydroxyapatite in comparison with
the SL-PLUS MIA stems without hydroxyapatite,
in which lucent lines were found in 6% of cases
[23]. On the other hand, D. Hoornenborg et al. did
not observe a positive effect of hydroxyapatite
coating on Zweymiiller stems with regard to their
possible migration [24, 25].

In our study, we have found out that the pres-
ence of radiolucent lines can negatively affect the
functional outcome and postoperative patient
satisfaction, but the presence of radiolucent lines
in three or more Gruen zones is an independent
risk factor and an important predictor of aseptic
loosening of the stem.

It appears that despite the high survival rates,
Alloclassic stems are less predictable in terms of
stress remodeling of the periprosthetic femoral
region, and under unfavorable circumstances
(funnel-shaped canal and tight distal fit) there
is an increased risk for aseptic loosening in the
distant period. According to the results of our
study, the redesign of the proximal part of the
Zweymdiiller stem implemented in the SL-PLUS
MIA stem improved the nature of adaptive re-
modeling in the periprosthetic zone of the femur,
possibly improving the long-term results of pri-
mary hip arthroplasty. However, longer follow-up
periods are required to make a definitive judg-
ment about the possible benefits of the SL-PLUS
MIA stem.
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