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in revision hip arthroplasty
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The increasing number of revision hip surgeries highlights
the challenge of selecting the optimal revision femoral compo-
nent, particularly in cases of bone stock loss. Objective. To de-
termine the advantages and disadvantages of modular revision
stems compared to monoblock stems based on literature data
and personal clinical observations. Methods. A literature review
(37 sources) and a retrospective analysis of 175 revision surger-
ies performed between 2013 and 2025 were conducted. Patients
were divided into two groups: 70 cases utilizing modular stems
and 105 using monoblock stems. The study assessed the distribu-
tion of bone defects according to the Paprosky classification,
complication rates, and functional outcomes using the Harris
Hip Score (HHS) at 1-year follow-up. Results. Monoblock stems
were predominantly used for Paprosky type I-1I femoral defects
(79 %), whereas modular stems were preferred for type HI-1V
defects (66.2 %). The overall complication rate was comparable:
8.8 % in the modular group and 8 % in the monoblock group
(P = 0.834). Significant subsidence (> 10 mm) was more fre-
quently observed with monoblock stems. Functional outcomes
according to HHS significantly improved in both groups after
one year (80.2 + 3.1 and 83.1 + 3.3 points, respectively) with no
statistically significant difference between them. Conclusions.
The clinical outcomes of modular and monoblock stems are
equivalent. The choice of implant should be based on the ana-
tomical situation: monoblock stems are effective for moderate
defects, while modular stems offer advantages in severe defects
(Paprosky type I11-1V) to ensure stable fixation and biomechan-
ical restoration.

3pocmanns_xinokocmi pegi3iiHuX 6mpyuanv HA KYIbULOBOMY
cyenodi akmyanizye npooaemy ubopy onmumMarbHo20 pesisiii-
HO20 CMe2H0B8020 KOMNOHEeHMA, 0CcoOIUBO 6 YMOo8ax depiyumy
xicmkoeoi mrxanunu. Mema. Bussumu nepesacu ma HedoniKu
MOOYIbHUX PEBIZIUHUX HINCOK V' NOPIGHAHHI 3 MOHOOJIOUHUMU
HaA OCHOGI Oanux nimepamypHux oOdicepen i GAACHUX KIiHid-
Hux cnocmepedcenv. Memoou. Ilposedeno oz2nsa0 nyonikayiil
(37 cmametr) ma pempocnexmuenuil ananiz 175 pegiziuinux
empyyans, eukoHanux y nepioo 2013-2025 p. Ilayicnmis po3-
nodineno Ha 06i epynu: 70 6unaoxis 3acmocy8anHs MOOYIbHUX
uiocok i 105 — monobaounux. Ilpoananizoeano po3noodin mu-
nie deghexmie 3a Paprosky, uacmomy yckiaouenv i ¢yukyio-
HaneHi pezyremamu 3a wkanoro Harris Hip Score (HHS) uepes
pik-nicis onepayii. Pesynemamu. ¥V pasi oeghexmie cmeenosoi
xicmku 3a Paprosky I-1I muny uacmiwe 3acmocogysanu mo-
HoOnouni Hidicku (79 %), moodi sik 3a -1V — nepesascanu
MooyawHi (66,2 %). 3acanvha wacmoma yckiaouenv 0yna no-
pisnannoio. 8,8 % y epyni mooynvnux nisgcok ma 8 % 3a ymos
surxopucmanus monobaounux (p = 0,834). 3naune npocioan-
ua (> 10 mm) uacmiwe cnocmepieanu nio 4ac 6UKOPUCMAHHSL
MoOHOOIOUHUX HidCOK. DyukyioHanvui pesyrvmamu 3a HHS
yepes pik cymmeeo nokpawuaucs 6 ooox epynax (80,2 + 3,1
ma (83,1 + 3,3) bana 6i0nosiono) be3 cmamucmuyHo 3HA4Yuoi
pisnuyi mide numu. Bucnosku. Pezynemamu 3acmocysanns
MOOYIbHUX | MOHOONIOUHUX HINCOK € KAIHIYHO PIGHOZHAUHUMU.
Bubip xoncmpyxyii nosumnen rpynmyeamucs Ha aHamomiu-
Hill cumyayii: MOHOOIOUHI HIJCKU OOYINbHI 6 pA3l NOMIPDHUX
depexmis, moodi AK BUKOPUCTAHHI MOOYIbHUX MAOMb nepe-
6aeu 3a 3Haunux oepexmis (Paprosky IlI-1V) ons 3a6e3neuen-
HA HaOiliHol (ixkcayii ma 6i0HO8NEHHs OioMexaHiKu cyenoba.
Kniouosi cnosa. Pegizis kynvuiogoeo cyenoba, Gesyemenmui
MOHOONOUHI pesi3iini HidCKU, Oe3yeMeHmHI MOOYIbHI pesi3iliti
HIJICKU KYNbUI0B020 cy2loba, nepesazu ma nedoniku Mooyib-
HUX PeBIZIUHUX HINCOK.
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Introduction

Revision total hip arthroplasty involving replace-
ment of the femoral stem usually requires the use
of a revision stem to address bone loss. The choice
of revision stem, from long modular and monoblock
designs to short and primary stems, affects fixation,
bone preservation, complication rates, and long-term
outcomes.

Based on their design and indications for use in
femoral component revision, stems can be classified
into the following groups:

1. tapered, fluted, titanium (TFT) revision stems.
Both modular and monoblock designs are widely
used, with newer monoblock stems demonstrating re-
duced subsidence and promising clinical outcomes in
the revision setting [1-6];

2. primary cementless and short revision stems:
these are increasingly being considered for patients
with Paprosky type I-1I defects, offering bone preser-
vation and facilitating future revisions [7—12];

3. cemented revision stems [8, 13].

The indications for the use of cemented revision
stems are relatively limited. First, they are indicated
in cases of poor bone quality: cemented stems are
the preferred option for patients with compromised
bone quality, such as older adults or patients with
osteoporosis, in whom immediate implant stability
is essential and cementless fixation may be unreli-
able [14, 15]. They are also indicated when the ce-
ment-in-cement technique is used, provided that
the existing cement mantle is well fixed, allowing
the new stem to be implanted into the existing mantle.
This is particularly useful in cases of femoral compo-
nent loosening, where removal of a well-fixed cement
mantle may result in further bone loss [16, 17]. Ac-
cording to published data, cemented revision stems
were used in only 7.4 % of cases, although they
demonstrate favorable long-term survivorship [13].
In most cases, cementless stems, both modular and
monoblock, are implanted, which is consistent with
the experience of our clinic (approximately 8 % of re-
vision stems are cemented). Primary. cementless and
short revision stems are also used, although infre-
quently. Surgeons generally favor the use of modular
and monoblock revision stems.

Objective: to identify the advantages and disad-
vantages of modular revision stems for total hip ar-
throplasty compared with monoblock stems, based
on published evidence and the clinical experience
of the Department of Joint Pathology, Professor
M. L. Sytenko Institute of Spine and Joint Pathol-

ogy of the National Academy of Medical Sciences
of Ukraine.

Materials and Methods

The study was approved by the local Bioethics
Committee in accordance with the applicable legis-
lation (Protocol No. 257, dated 22.12.2025). Written
informed consent was obtained from all patients.

A literature review was conducted using the sci-
entometric electronic databases PubMed, Scopus,
Web of Science, and other relevant sources of scien-
tific and medical information. The search was per-
formed using the following keywords: hip revision
arthroplasty, monobloc revision uncemented stems,
modular revision uncemented stems, advantages and
failures of modular revision stems.

The search covered the period from 1995 to 2025,
allowing consideration of contemporary approaches
to the use of modular and monoblock cementless re-
vision stems. A total of 37 publications, including
7 systematic reviews, that met the relevance and com-
pleteness criteria for the research topic were included
in the analysis. Twenty-seven of the included publica-
tions were published within the past 5 years.

In addition, the study incorporated the authors'
own clinical experience with revision procedures
using modular and monoblock revision stems for to-
tal hip arthroplasty. Between 2013 and 2025, a total
of 175 revision procedures involving revision stems
were performed at our institution. This made it possi-
ble to complement the theoretical evidence with prac-
tical observations and recommendations.

Articles were selected according to the following
criteria: relevance to the study topic; level of evi-
dence; reporting of clinical and radiographic out-
comes; analysis of complications; and publication in
peer-reviewed scientific journals.

Sources were excluded if they did not provide suf-
ficient information on the technique of using mod-
ular or monoblock stems during revision total hip
arthroplasty, lacked clinical evidence supporting
the effectiveness of the described implants or tech-
niques, or dealt exclusively with primary total hip
arthroplasty or had an excessively short follow-up
period.

Clinical data were analyzed to assess complica-
tions and outcomes following implantation of modu-
lar (70 cases) and monoblock (105 cases) stems during
revision arthroplasty performed for aseptic loosening
(86 cases), periprosthetic infection (64), peripros-
thetic fractures (12), dislocations (2), and stem frac-
tures (11). One-year follow-up data were available for
68 cases in the modular stem group and 101 cases in
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the monoblock stem group. The distribution of pa-
tients by age and sex is presented in Table 1.

Data variability (SD) for the two groups was as fol-
lows: modular stems, standard deviation (s) = 10.69;
monoblock stems, standard deviation (s) = 11.19.
The t-statistic was 1.536, with a p-value of 0.1265.
The mean age difference between the groups was
2.6 years (61.7 vs. 59.1 years), which was not statis-
tically significant at the 5% significance level. This
indicates that the age difference between patients
receiving modular and monoblock stems does not
reflect a true difference between the two underlying
populations.

Results

Modular stems for revision total hip arthroplasty
were developed in the 1990s [18, 19] and were used
only to a limited extent until 1999. Their widespread
adoption occurred during the period from 2000 to
2010 [20, 21].

The development of these stems was driven by
the increasing number of primary total hip arthroplas-
ties and, consequently, the growing incidence of com-
plications requiring revision surgery. It soon became
evident that, in most cases, removal of the primary
stem resulted in a bone defect in the proximal femur,
while the distal femoral canal remained relatively
well preserved. The most widely used Paprosky clas-
sification of femoral bone defects comprises four
types (Fig. 1).

In Paprosky type II-IV defects, standard stems
do not provide stable fixation. Modular stems address
this problem by achieving stable primary distal fixa-
tion and allowing selection of an appropriately sized

TYPE 1

TYPE2

TYPE 3A TYPE 3B TYPE 4

<4 cm

424

Fig. 1. Paprosky classification of femoral bone defects

proximal module to fill the bone defect in the proxi-
mal femur [22].

Modular revision stems are better suited to pa-
tients' anatomical characteristics, enabling implant
stability through reconstruction of bone defects, res-
toration of hip biomechanics, and correction of leg
length.

Modularity plays a key role in achieving these
objectives compared with conventional monoblock
stems. Infact, in Paprosky type II or greater proximal
femoral defects, modular stems improve stem stability
and facilitate restoration of'the center of rotation [23].

Advantages of modular stems

High anatomical adaptability and restoration
of biomechanics. The modular design allows inde-
pendent positioning of the proximal body and distal
stem, enabling precise correction of leg length, off-
set, anteversion, and the center of rotation. The over-
all survivorship of modular constructs approaches
83 % at 10 years of follow-up. When only revision
of the femoral component is considered, published
data indicate excellent survivorship (> 95 %) for these
implants. Subsidence of more than 5 mm has been
reported in fewer than 5 % of patients with modular
revision stems [22, 24, 25].

Versatility for different femoral bone defects.
Modular systems are suitable for Paprosky type [I-1V
defects [11, 25, 26]. This facilitates preoperative plan-
ning, provides flexibility in managing a wide range
of femoral bone defects, and eliminates the need to
use multiple implant systems during surgery (Fig. 2).

Reliable distal fixation. In cases of compromised
proximal femoral fixation, tapered fluted stems pro-
vide reliable distal fixation [25, 27].

Superior long-term clinical outcomes.

Studies have demonstrated high rates of stable
stem fixation (up to 90-95%) and excellent long-term
survivorship, even in patients with severe proximal
femoral bone loss [3, 28].

Disadvantages of modular stems

Risk of mechanical failure at the modular junc-
tion. According to one report, the mean incidence is
3.39%, although most failures occurred in implant
designs that were subsequently withdrawn from

Table 1
Distribution of patients by age and sex undergoing revision total hip arthroplasty
Stem type Number of cases
mean age (years) gender
male female
Modular 61.7 28 (40 %) 42 (60 %)
Monoblock 59.1 40 (38 %) 65 (62 %)
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the market [24]. Other studies reported stem frac-
ture rates of only 1.74 % for older modular stems and
0.013 % for newer tapered designs [30]. M. Sukopp
et al. [31] described 54 cases of modular revision stem
fracture. Overall, this systematic review indicates
that such failures are uncommon.

Corrosion and mechanical wear. Despite the use
of titanium alloys, micromotion at the modular junc-
tion may lead to mechanical wear and corrosion, par-
ticularly in the absence of proximal femoral support
[24, 32].

Higher risk of intraoperative fractures. Modular
stems are associated with a higher incidence of in-
traoperative fractures. In the study by D. Wang
et al. [22], the incidence of intraoperative fractures
was 11.6 % and 5.0 % (p = 0.0004) for modular and
monoblock stems, respectively. Conversely, the in-
cidence of subsidence > 10 mm was significantly
higher in the monoblock stem group (4.5 % vs. 1.0 %,
p = 0.003). Similarly, M. R. Cohn et al. [33] reported
a higher rate of intraoperative fractures with mod-
ular than with monoblock stems (9.0 % vs. 3.8 %);
p =0.30).

No reduction in the incidence of instability. Al-
though modularity allows adjustment of offset and
anteversion, studies have not demonstrated a statisti-
cally significant reduction in the incidence of postop-
erative instability [24, 34].

Higher cost. The economic aspect should also be
taken into consideration. Modular implants are gen-
erally more expensive, and budget constraints remain
an important factor [36, 37].

Fig. 2. Patient Ye., 50 years old. Paprosky type I1IB. Preoperative
(a) and postoperative (b) radiographic images following revision
surgery using a modular revision stem.

The risk of incorrect intraoperative implantation
of modular revision stems is primarily related to
the complexity of their design and the challenging
conditions of revision surgery. Although modularity
provides the surgeon with greater flexibility by allow-
ing independent selection of distal fixation, length,
and offset, it also transforms a monolithic implant
into a multicomponent system, thereby increasing
the technical complexity of implantation in the set-
ting of bone loss and the absence of clear anatomical
landmarks.

Systematic reviews have demonstrated > 90 %
survivorship of modular stems together with consis-
tently favorable Harris Hip Score (HHS) outcomes
over 8 years of follow-up [23]. Studies by D. Wang
et al., A. Koutalos et al., and B. Zampogna et al. [22,
29, 35] found no significant differences between mod-
ular and monoblock stems in terms of postoperative
hip function, revision rates, or complications. Marked
subsidence occurred more frequently with mono-
block stems (Fig. 3), whereas modular stems were as-
sociated with a higher risk of intraoperative femoral
fracture.

M. Morlock et al. [34] also noted that the choice
of stem type is not the predominant reason for revi-
sion surgery.

Our clinical observations during follow-up (al-
though complete follow-up was not available for all
patients) were largely consistent with the published
data. The complication rate was 8.8 % for modular
stems and 8.0% for monoblock stems (Table 2). More-
over, after excluding fractures of the obsolete RMD
modular stem design, which is no longer used in our
practice, the complication rate for modular stems
decreased to 4.4 % (Fig. 4). The p-value was 0.834.
Thus, the difference in the overall complication rate
between modular (8.8%) and monoblock (8.0 %)
stems was not statistically significant. The two stem
types therefore carry a comparable overall risk
of complications.

It is noteworthy that modular stems were more
frequently used following removal of cemented stems
(25 of 70 cases [35.7 %] vs. 28 of 105 cases [26.7 %)]
for monoblock stems). In addition, modular stems
were more commonly implanted after femoral osteot-
omy performed to remove the primary femoral stem
(15 of 70 cases [23 %] vs. 13 of 105 cases [13 %] for
monoblock stems). In most cases, a femoral window
osteotomy was performed (9 and 7 cases, respec-
tively) (Fig. 5).

The distribution of femoral bone defects according
to the Paprosky classification is presented in Table 3.
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Fig. 3. Patient K., 52 years old. Immediate postoperative
radiographic images after implantation of a monoblock revision
stem (a) and radiographic images 8 months after surgery
demonstrating stem subsidence of 12 mm (b).

Fig. 4. Radiographic image of patient K., 77 years old. Fracture
of the RMD implant at the modular junction.

The data presented in Table 3 indicate that, in Pa-
prosky type I-II femoral bone defects, monoblock
stems were used more frequently than modular stems
(79 % vs. 21 %), whereas for type ILI-1V defects,
modular stems were used predominantly (66.2 % vs.
33.8 %; p < 0.001) (Fig. 6).

Clinical outcomes at 1 year after revision total hip
arthroplasty were available for 68 patients who re-
ceived modular stems and 101 who received mono-
block stems. Patients who experienced complications
were excluded from this analysis (6 and 8 patients, re-
spectively; 14 in total). Functional outcomes in the re-
maining 155 patients were assessed using the HHS.
In'the modular stem group, the mean HHS improved
from 34.04 + 2.4 preoperatively to 80.2 = 3.1 at 1 year.
In the monoblock stem group, the mean HHS im-
proved from 38.5 + 2.8 preoperatively to 83.1 £ 3.3 at
1 year. Analysis of HHS outcomes demonstrated high
clinical effectiveness for both stem types (p < 0.001
compared with the preoperative level). Comparison
of the two groups at 1 year revealed no statistically
significant difference (t = 0.64; p > 0.05), indicating
comparable clinical effectiveness of modular and
monoblock stems during the study period. These
findings indicate no meaningful difference in clinical
outcomes and are fully consistent with the published
literature [23].

Discussion

The choice of the optimal femoral component for
revision total hip arthroplasty remains controver-
sial, particularly in patients with substantial proxi-
mal femoral bone loss. Recent evidence indicates that
the number of revision procedures continues to in-
crease, underscoring the need for surgeons to adopt
a clear strategy for managing different types of fem-
oral bone defects.

Table 2

Complications associated with the use
of cementless revision prosthetic stems

Complication Stem type
modular, n = 68 monoblock, n = 101

Periprosthetic fracture 1
Infectious complication 2
Dislocation 1
Aseptic loosening 1

Stem fracture —
Distal stem migration > 10 mm 3

Total 6 (8.8 %) 8 (8 %)
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In our study, postoperative HHS improved signifi-

cantly regardless of whether modular or monoblock

Table 3
Distribution of femoral bone defects according
to the Paprosky classification (the groups
are not comparable in terms of defect severity)

Stem type Paprosky defects Total
1 1 A | 1B v
Modular 5 16 27 16 6 70
Monoblock 32 48 13 8 4 105
Total 37 64 40 24 10 175

Fig. 5. Patient S., 50 years old. Preoperative radiographic images
demonstrating a femoral component fracture (a), and postoperative
radiographic images showing the use of a femoral window
osteotomy for removal of the fractured femoral component
fragment and implantation of a long revision stem (b).

stems were used, and the difference between the two
groups at 1 year was minimal (80.2 vs. 83.1 points).
Similar findings were reported by M. Saracco
et al. [23], whose analysis of a large body of evidence
also demonstrated no significant difference in hip
function between these two stem types.

S. Feng et al. [2] reported comparable results,
showing that the clinical performance of both modu-
lar and monoblock constructs remained similar even
6 years after surgery.

An important finding of our study was the distri-
bution of stem selection according to the Paprosky
classification of femoral bone defects. Monoblock
stems were used more frequently for type [-II defects
(79 % of cases), whereas modular stems were pre-
ferred for more severe type I1I-1V defects (66.2 %).
This is fully consistent with current clinical practice:
when bone stock is adequately preserved, monoblock
stems represent a reliable and cost-effective option, as
reported by M. Innocenti et al. [12] and A. Battaglia
et al. [7]. Modular stems are particularly indicated
when restoration of the center of rotation and implant
stability is required in complex anatomical situations.

With regard to complications, the overall inci-
dence was nearly identical in the two groups: 8.8 %
for modular stems and 8.0 % for monoblock stems.
However, the pattern of complications differed. Sig-
nificant subsidence (> 10 mm) occurred more fre-
quently in the monoblock group (3 cases vs. 1 case).
This is consistent with the findings of D. Wang
et al. [22], who reported a significantly higher risk
of subsidence with monoblock stems (p = 0.003).

Conversely, the increased risk of intraopera-
tive fractures associated with modular stems has

Fig. 6. Clinical case. Patient F., 67 years old: Paprosky type IIIB defect (a), immediate postoperative radiographic images (b),
radiographic images at 1.5'years after surgery (c), and intraoperative view of the surgical wound (d).
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been widely discussed in the literature. M. R. Cohn
et al. [33] reported a higher incidence of intraopera-
tive fractures during implantation of modular stems
than of monoblock stems (9.0 % vs. 3.8 %). In our
study, this finding was not confirmed statistically, as
the incidence of intraoperative fractures was simi-
larly low in both groups. This may be attributable to
the prophylactic use of cerclage wire during implan-
tation of modular stems in our institution.

Particular attention should be paid to fractures
of the stem itself. We recorded two cases of mod-
ular stem fracture, both involving earlier-generation
RMD implants. This is a recognized risk associated
with modularity and has been linked to corrosion and
wear at the modular junction, as described by D. Lak-
stein et al. [32] and L. Dreyer et al. [30]. However,
more recent evidence reported by B. Zitsch et al. [1]
and C. Salib et al. [6] indicates that newer generations
of tapered fluted titanium modular stems demonstrate
high survivorship and a low risk of mechanical fail-
ure, supporting their safe use in clinical practice.

Our study has several limitations, including its
retrospective design and the relatively short follow-up
period for a proportion of the patients. Nevertheless,
the findings confirm that the choice between a mod-
ular and a monoblock stem should not be based on
the overall superiority of one design over the other
but rather on the specific anatomical situation.

Despite these limitations, our results are consis-
tent with current published evidence and support
a differentiated approach: the use of monoblock
stems for moderate bone defects to reduce costs and
the risk of mechanical failure, and the use of modular
stems for severe defects (Paprosky type III-1V) to
achieve reliable fixation and optimal biomechanical
reconstruction.

Conclusions

In conclusion, the outcomes of modular and
monoblock revision stems are comparable. However,
we believe that modular stems offer advantages in
the presence of substantial proximal femoral bone de-
fects (Paprosky type I1I-1V).

The choice of stem should be based on careful pre-
operative planning and thorough preparation of all
equipment and implants that may be required during

the revision procedure.
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