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Failure of a Modular Femoral Revision Stem in Hip Arthroplasty: A Rare
Complication and Literature Review

Osama Aldowekat', Jihad Al-Ajlouni’, Taghleb Al-Awad’, Malak Smida’, Zaid Ta’ani’

Learning Point of the Article:
Fracture of the ZMR modular stem is a rare, catastrophic complication in revision hip arthroplasty, often caused by cantilever fatigue;
monoblock stems may reduce this risk.

Introduction: Zimmer modular revision (ZMR)® femoral stems are widely utilized in revision total hip arthroplasty (fTHA) due to their
intraoperative customization that offers surgical flexibility in reconstructing complex hip joints. However, despite these advantages, the modular
junction is prone to localized stress concentration, which may transfer cantilever loads distally. This mechanical environment possibly causes a
fracture, often in the body-stem junction, where the cross-sectional area is reduced. Moreover, patient-based factors in addition to implant-
related factors can both contribute to such rare but catastrophic failure. Factors such as bone quality, implant design, and surgical technique must
be evaluated. These assessments will help in the formulation of along-term management plan, along with a strategy to prevent this issue.

Case Report: In this report, we present a 70-year-old male patient with a past medical history of hypertension and a past surgical history of aleft
THA in 2011, a right THA in 2016, and a revision left THA using ZMR secondary to a periprosthetic fracture in 2021. In December 2023, he
presented to the emergency department with a 2-day history of sudden atraumaticleft groin pain. Imaging revealed a femoral stem fracture at the
body-stem junction.

Conclusion: Although rare, cantilever fatigue of the ZMR stem is a serious complication. It is linked to both patient related factors (advanced
age, high BMI, poor proximal bone stock), and implant factors (shorter length, smaller diameter, extended offset), with failure often occurring at
the body—stem junction.

Keywords: Zimmer modular revision, total hip arthroplasty, cantileverload, implant failure, modular stem, non-modular revision.

Introduction

Total hip arthroplasty (THA) has improved significantly over
the time since it was first performed in Germany in 1891 by
Doctor Thistocles Gluck, who used nickel screws to secure the
ivory prosthesis to replace the tuberculosis-destroyed hip joints
[1,2]. The advancements since then contribute to further
improvements in implant designs, instrumentation, and surgical

techniques based on the expertise of orthopedic surgeons. This
improvement is noticed in both primary and revision cases of
THA.

Modular femoral implants are widely used in revision THA
(rTHA) due to their precise intraoperative flexibility, enabling
adjustments of limb length, offset, and anteversion according to
individual anatomy, specifically, proximal femoral bone quality.
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Figure 1: Vancouver B2 periprosthetic fracture of the left total hip
arthroplasty.

The Zimmer modular revision (ZMR)® stem (Zimmer Biomet,
Warsaw, IN, USA) is among the most commonly utilized
systems designed for this purpose [3].

The ZMR system achieves modularity by having two
components: the stem and the body. The stem has three
different options: Taper (the most commonly utilized), porous,
and spline. Each stem type provides certain lengths and
diameters available, butin general, thelength ranges from 115 to
260 mm, and the diameter ranges from 12 to 25.5. The body
comes in three different types:
Cone, which is used most often, as
well as spout and calcar options
[4].

Conversely, despite its
intraoperative advantages, the
concept of modularity introduces
mechanical junctions that are
susceptible to cantilever fatigue
[S, 6]. Cantilever fatigue refers to
a mechanical failure that occurs
when repeated bending stresses
are applied to a component, such
as the femoral stem or modular
junction, due to its cantilevered
position (fixed at one end and free
at the other). This is applied in
ZMR if it is distally fixed in a appearingwell-fixed.

Figure 2: Revision of the left total hip arthroplasty using Zimmer modular
revision stem.

context of proximal bone deficiency [7]. Although ZMR stem
failure is rare — reported around 4.6% in a survivorship study
with follow-up periods of 15 years [8], Cantilever fatigue
usually happens in the context of proximal femoral bone
deficiency, where the load is transferred distally and
concentrated at the modular junction. Hence, understanding
the relationship between modular implants flexibility and their
mechanical limitations is essential to optimize pre-operative
planning and intraoperative interventions for better long-term
implantsurvival.

Figure 3: (a) Pelvic X-ray demonstrating failure of the left Zimmer modular revision system at the body-stem
junction; (b) Left femur radiograph showing the same stem failure at the body-stem junction. Both images also
reveal non-union of the greater trochanteric osteotomy from the prior revision surgery, with the distal stem
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Figure 4: Clinical photograph showing the failed Zimmer modular revision
stem.

In this article, we present a case report of a ZMR femoral stem
fracture and provide aliterature review for similar cases. We also
discuss patient-related and implant-related risk factors
contributing to this complication and considerations for
prevention.

Case Report

We present the case of a 70-year-old male patient with a known
history of hypertension. He was a retired
office worker at a governmental institute
and an independent ambulator with no
significant functional limitations before
presentation. His orthopedic history is
notable for bilateral cementless total hip
arthroplasties performed for primary hip
osteoarthritis. The left THA (Zimmer)
was performed in 2011, followed by the
right THA (also Zimmer) in 2016.

In 2021, the patient sustained a fall onto
his left side, resulting in a periprosthetic
proximal femoral fracture, classified as a
Vancouver B2 (Fig. 1). He underwent
surgical management involving stem
exchange using along revision stem (ZMR

Figure S: Post-operative radiograph demonstrating revision of the failed
Zimmer modular revision stem using a monoblock, non-modular femoral
component (Wagner SL Revision, length 305, diameter 16 mm).

removal required a standard trochanteric osteotomy with
application of cerclage wires. The post-operative course was
uneventful, and he regained his baseline mobility and
independence.

OnDecember 06,2023, the patient presented to the emergency
department with a complaint of acute-onset left hip pain of 2
days duration. Before this episode, he had been ambulating well

Stem), with revision of the acetabular shell Figure 6: (a and b) Follow up left femur and pelvis AP radiographs, showing the revision using a Wagner
(Fig. 2) , the approach for femoral stem SLstem remainswell-fixed along with the cablesand wires.
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Figure 7: Sliding and conventional versions of the trochanteric osteotomy. (a) Extended slide; (b) simple

slide; (c) conventional osteotomy; (d) extended conventional [25].

and was asymptomatic. He denied any recent trauma, fever,
chills, or rigors. The pain was described as sudden in onset and
progressively worsening to the point where he became unable to
bear weight on the affected limb.

On physical examination, the patient was alert, oriented, and
hemodynamically stable. His BMI is recorded as 27 kg/m2.
There were no visible deformities, skin discoloration, bruising,
or swelling over the hip or thigh. Local examination revealed
tenderness over the proximal thigh and groin area.
Neurovascular examination of the affected limb was intact.

Given the patient’s history and clinical presentation, an urgent
radiographic evaluation was performed. The X-ray images
obtained in the emergency department are shown in Fig. 3aand
b, showing a catastrophic failure of the system at the stem
junction, noted along the cone taper stem junction. The patient
was admitted for pain management and pre-operative planning.

He underwent revision hip arthroplasty for the femoral
component with retention of the acetabular cup and
reinforcement of the construct with multi-level cerclage wiring.

Intraoperatively, a direct lateral approach was utilized, as it had
been employed in the patient’s previous two arthroplasty
procedures. The incision was extended distally to allow
adequate exposure of the fractured femoral component. The
cone module of the failed femoral component was found
detached and was easily extracted. The polyethylene liner was
removed, and revealed a stable, well-placed acetabular shell,
which wasleft untouched.

The distal stem was well fixed and difficult to extract. A

longitudinal osteotomy along the stem was first performed to
dilate the canal and facilitate stem removal; however, this

approach was inadequate. Therefore, a
diamond-tip drill bit was used to create a
precise hole in the stem’s taper to enable
the insertion of a punch, which allows
retrograde hammering. This technique,
which was described by Hafez et al.,
enables easier stem manipulation and
prevents further femoral bone loss (9).
The failed stem is shown in Figure 4.

Nasr et al. (10) also described a similar
technique for a Revitan® stem removal. In
their method, drilling was performed
from beneath the stem through a midline
incision over the knee with a medial
parapatellar approach, and then a 16Mmm
drill was used to gain entry to the distal
femoral metaphysis, and a custom-made
instrument was inserted retrograde to
punch the well-fixed femoral component
towards the proximal femur.

After thorough irrigation and bone preparation, a nonmodular
Zimmer Wagner stem SL (size 16 mm diameter, 305 mm
length) was implanted, ensuring a proper femoral anteversion.
A reinforcement of the construct with multi-level cerclage
wiring was applied, later followed by insertion of a ceramic head
(size 52 mm, offset +0 mm) coupled with a new polyethylene
liner (Fig.S).

Careful handling of the soft-tissue envelope was paramount in
such revision surgery, particularly as it was the patient’s third
major hip procedure, which in itself introduced another level of
difficulty to this case. Special attention was given to the delicate
abductor fibers, which were gently mobilized and reconstructed
using transosseous sutures. This step was important to reduce
the risk of post-operative dislocation.

The total operative time was 2 h and 30 min, performed under
spinal anesthesia. The patient received prophylactic
intravenous second-generation cephalosporins (Cefuroxime) 1
hbefore incision. In addition, 1 gram of intravenous tranexamic
acid was used to reduce the risk of major bleeding.
Intraoperatively, 1 unit of packed red blood cells was transfused
based on an estimated blood loss of 1000 mL and the calculated
maximum allowable blood loss as determined by the
anesthesiology team.

The intraoperative course was uneventful, and the patient was
sent to the recovery room in a hemodynamically stable
condition. It is notable that intraoperative bacterial cultures
were obtained, which later revealed no bacterial growth. The
post-operative period included an adequate pain management
regimen with a physiotherapy course including protected
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Table 1: Summary of reported ZMR stem fracture cases from the literature, including the present case
BMI Weight T > Pain before the Infection | Duration before
(Kg/m?) (Kg) raumas - tem fracture? workup | failure (months)
Case I: Laksteiner | ¢ M 34 109 No No Negative 13
al . [11]
Case 2: Laksteiner | g M 27 75 No No Negative 80
al . [11]
Case 3: Laksteiner |, M 26 78 No No Negative 71
al . [11]
Case 4: Laksteiner 66 F 29 77 No No Negative 44
al . [11]
Case 5: Laksteiner 88 F 25 60 No No Negative 32
al. [11]
Case 6: Laksteine |, M 34 110 No No Negative 40
al . [11]
Case I: Taherlazam | M | =35 | NA | No N/A Negative <60
etal . [12]
2: Taheri .
Case 2: Taheriazam | ¢ M >35 | N/A No N/A Negative <60
etal . [12]
Case 1:[113; etal. | g F 343 98 No No N/A 96
2: Ef .
Case . 3]e etal. | gy M| 357 | 110 No No N/A 104
Ortegaet al . [14] 70 F N/A 71 N/A N/A Negative 18
Our patient 70 M 27 73 No No Negative 24
Patient demographics, BMI, body weight, history of trauma, presence of pain before fracture, infection workup, and
time to failure are shown. Most fractures occurred during routine daily activities without prior trauma or pain. BMI:
Body mass index, kg: Kilogram, i Square meter, M: Male, F: Female; N/A: Not available

weight bearing for 6 weeks. The patient was discharged on
post-operative day 4 with no recorded complications. An

outpatient X-ray 3 months after the surgery is shown in Fig. 6a
and 6b.

Literature Review and Discussion

A literature search was conducted to identify reported cases of
ZMR stem failure or fracture using the databases PubMed,
ResearchGate, and Google Scholar. The search terms included
“ZMR failure,” “ZMR stem failure,” “cantilever fatigue of the
ZMR,” and “ZMR stem fracture.” Relevant cases were
identified from four institutions: six from Lakstein et al. [11]
(Mount Sinai Hospital, Toronto, Canada); two from Afshin et
al. [12] (Islamic Azad University, Tehran, Iran); two from Efe
et al. [13] (University of Marburg Hospital, Hessen,
Germany); and one from Ortega et al. [14] (University of

Santa Catarina, Florianépolis-SC, Brazil). These cases were
reviewed and compared with our current case, with particular
attention on patient-specific and implant-related variables.
Corresponding authors of the Lakstein et al. [11] cases were
contacted, and radiographic imaging was obtained for further
analysis. Efforts to contact the authors of the Afshin etal. [12],
Efe et al. [13], and Ortega et al. [14] cases were made, but
additional information and imaging could not be obtained.

In addition to the previously mentioned case reports, several
larger series and survivorship data have documented ZMR
stem fractures, although most did not provide complete clinical
details. Hickie et al. [8] reported five stem fractures in a cohort
of 108 revision hips using ZMR components over a 14.5-year
follow-up, but individual radiographic or demographic data
were not disclosed. Similarly, further evidence is available from
the U.S. FDA MAUDE database, where at least two adverse
events involving ZMR stem failure have beenreported [ 15,16].
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Table 2: Implant characteristics and fracture details of reported cases of ZMR stem failure

Body Offset  Stem type

Stem length Stem diameter

Neck

Osteotomy = Gross = Fracture site

(mm)

(mm) length

Case 1: Laksteinet al . Spout | Extended| Porous 220 15 - Extendeq ) B.ody-stem
[11] trochanteric junction
Case 2: Laksteinet al. Cone | Extended| Porous 220 16.5 7 Standard 2 B.O dy-stem
[11] junction
Case 3: Laksteinet al. Cone | Standard | Taper 185 19 3.5 Standard 2 B.O dy-stem
[11] junction
Case 4: Laksteinet al. Cone | Extended| Taper 185 15 3.5 Standard 2 B.O dy-stem
[11] junction
Case 5: Laksteinet al . Cone | Extended | Taper 185 16 0 Extendeq 4 B.ody-étem
[11] trochanteric junction
Case 6: Laksteinet al . Spout | Standard | Spline 170 15 0 Standard 4 B.O dy-étem
[11] junction
Case 1: Taheriazam et Cone N/A Taper N/A N/A N/A Extendeq 3 B.ody-étem
al. [12] trochanteric junction
Case 2: Taheriazam et Cone N/A Taper N/A N/A N/A Extendeq 4 B.ody-étem
al.[12] trochanteric junction
Body-st
Case 1: Efeeral. [13]| Cone | N/A | Taper 235 16 0 no 2 N
junction
Body-st
Case 2: Efeeral.[13]| Cone | N/A | Taper 185 20 7 no 2 N
junction
Body-st
Ortegaeral.[14] | Cone | N/A | Taper 235 22 N/A | Standard | 5 ocy-stem
junction
. Body-st
Our patient Cone | Standard | Taper 185 17 0 Standard 3 .0 Y S em
junction
The table summarizes stem design features, osteotomy type, modified gross classification of bone loss, and fracture site location
as described in the literature and in the current case. N/A: Not available, ZMR: Zimmer modular revision, mm: Millimeter

Due to the limited and often incomplete nature of these
reports—typically lacking patient age, sex, BMI, radiographic
evaluation, and implant details—these cases could not be
included in comparative analysis. Nonetheless, their presence
highlights that ZMR stem fractures, though rare, are recognized
inboth theliterature and device surveillance systems.

Patient-related factors

In terms of patient-related factors, Table 1 shows the patients
characteristics of the cases. Advanced age (over 65 years) was
observedinall cases except two. High BMI also appeared tobea
contributing risk factor, as all patients were either overweight
(BMI: 25.5-29.9 kg/m2) or obese (BMI: >30.0 kg/m2). In all
cases, the ZMR stem failure occurred without a history of
significant trauma and no pain before the catastrophic event,
with the exception of the Taheriazam et al. [12] and Ortega et
al. [14] cases, for which some of this information was not
available, as shown in Table 1. Infection workup was negative in
all cases except Efe et al. [13], for which this information was
missing. The failures were classified as late complications,
occurring more than 2 years after the index surgery in all but

four cases. Of the twelve cases, eight involved male patients and
four involved female patients. To conclude, most patients were
older than 65 and overweight or obese. Failures occurred late
(>2years post-operative), typically without major trauma. The
majority were male (8 out of 12 cases).

Implant-related factors

After careful review of all clinical photographs of the failed
implants, a consistent finding was noted: the fracture occurred
near the body-stem junction, precisely where the stem diameter
tapers. The fracture lines were transverse, indicative of a high
bending moment acting at this junction, ultimately resulting in
this catastrophic failure [ 11-14] (Table 2).

In this series, cone-type bodies were used in 10 out of 12 cases,
with the remaining 2 being spout designs, and taper stems in 9
out of 12, with the remaining being 2 porous and 1 spline.
However, given the predominance of cone-taper and spout-
taper combinations in standard clinical practice, their
frequency in this sample does not necessarily indicate an
increased risk of ZMR failure; rather, they reflect the most
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Table 3: Modified gross classification of femoral bone loss during revision total

No significant bone loss.

11 Intraluminal bone loss with the majority of bone stock still available.

III Cortical defects either non-circumferential or circumferential,
extending for <5 cm in length distal to the lesser trochanter.

v Circumferential loss of the entire proximal femur extending for >5
cm in length distal to the lesser trochanter.

\% Type IV criteria + sustained periprosthetic fracture.

commonly used configurations [8,17].

Extended offset stems were used in 4 out of 7 cases, with five
cases not reporting this information, suggesting that extended
offset may be a possible mechanical risk factor. The extended
offset increases the horizontal distance between the hip joint
reaction force and the stem axis, so we get a longer lever arm.
This results in a greater bending moment at the body-stem
(modular) junction, higher cyclic stresses during gait, and
increased fatigue loading [18,19,20]. Consequently, this
configuration may predispose the implant to crack initiation at
its structurally weakest point — typically the junction where the
cross-sectional diameterisreduced [21].

In terms of stem length, 6 out of 10 stems measured <200 mm,
with an average length in all cases of 200.5 mm. This
information was not reported in two cases. It is believed that
shorter stems may be a risk factor for failure. Because shorter
stems do not bypass the proximal bone deficiency adequately,
the unsupported part of the stem acts as a long lever arm. This
increases the bending moment at the modular junction and
increases the likelihood of fatigue failure at the junction. In
contrast, longer stems are more effective in distributing
mechanical stress along their length more evenly and reduce
cantilever forces — provided they achieve sufficient distal
fixation and are supported by sufficient bone quality [11,22].

The stem diameter ranges from 15 to 22 mm for all included
cases, with an average of 17.15 mm. All reported cases, except
two, had stem diameters below 20 mm, with two other cases not
reporting this information. Smaller stem diameters (<20 mm)
may also explain the increased failure risk; this is because it is
known that the bending strength of a cylindrical stem is
proportional to the fourth power of its diameter (d4).
Accordingly, even small reductions in diameter can lead to a
substantial decrease in resistance to bending stress, increasing
the likelihood of fatigue loading and fracture at high-stress
junctions [20,23].

Bone-related factors

On review of the radiographs, all cases exhibited some degree of
proximal femoral bone deficiency. This was mainly due to prior
surgical interventions — most cases involved femoral
osteotomies (10 out of 12) (Fig. 7 is showing various types of
trochanteric osteotomies), with six reported as extended
trochanteric osteotomies and four classified as standard
trochanteric osteotomies. The type of osteotomy was
determined based on radiographic evaluation, specifically the
position of cerclage and/or cable wires, as not all the original
articles specify the technique. It was not possible to distinguish
whether a sliding or conventional osteotomy was performed in
any of the cases. Four cases had persistent greater trochanteric
non-unions. Such proximal bone stock deficiency resulted in
inadequate support around the stem and contributed to a
cantilever effect, intensifying the bending moment on the
implant.

To analyze the proximal bone stock, we used the modified
Gross classification [24] (Table 3). We found six cases had only
intraluminal (intramedullary) bone loss (type 2 Gross), two
cases had proximal cortical defects (type 3 Gross), three cases
had a more distal cortical defect (type 4 Gross), and one case
already had a periprosthetic fracture along with the stem
fracture (type S Gross).

Despite these valuable findings, this study is subject to various
limitations. The small number of reported ZMR stem failures
limits the ability to draw strong or widely applicable
conclusions. Cases were identified from published reports, and
this can cause publication bias since unusual or complicated
failures are most likely to be published. There is a deficiency of
data from some cases, either clinical, surgical, or radiographic
details making direct comparison difficult. Key operative
information, such as implant positioning and soft-tissue
handling, was often missing, and follow-up periods varied or
were notreported, possibly overlooking minor or silent failures.

Furthermore, the cases are from various institutions with
differences in surgical techniques, rehabilitation protocols, and
implant versions, so they are not tightly controlled for direct
comparison. Finally, most cases lack implant retrieval analysis,
preventing a closer look at possible issues like corrosion or
material fatigue at the modular junction. As a retrospective
review, this study cannot prove cause and effect; the consistent
failure patterns and related biomechanical concerns underscore
the need for further prospective, controlled research.

Conclusion

The ZMR system offers modularity, but it is susceptible to
mechanical failure. Despite its rarity, cantilever fatigue of the
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ZMR stem is a catastrophic adverse event. This adverse event is
associated with patient-related and implant-related risk factors.
The patient-related risk factors include advanced age, high
BMI, and a compromised proximal bone stock, whereas
implant-related factors include the use of shorter ZMR stems
(<200 mm), smaller stem diameter, and extended offset
designs, all of which are frequently reported to be common in
many cases of stem failure that typically occurs at the body-
stem junction.

Clinical Message

In high-risk patients, a monoblock femoral stem may be a safer
option. Our patient underwent a prompt revision surgery using a
Wagner SL monoblock stem and had a satisfactory early recovery,
highlighting the clinical relevance of this recommendation. With the
limited number of reported cases and the retrospective nature of
them, further prospective, multicenter studies are recommended to
better define the risk factors and establish techniques and strategies
to prevent ZMR stem failure.
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