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Aims

United Classification System (UCS) B2 and B3 periprosthetic fractures in total hip arthro-
plasties (THAs) have been commonly managed with modular tapered stems. No study has
evaluated the use of monoblock fluted tapered titanium stems for this indication. This study
aimed to evaluate the effects of a monoblock stems on implant survivorship, postoperative
outcomes, radiological outcomes, and osseointegration following treatment of THA UCS B2
and B3 periprosthetic fractures.

Methods

A retrospective review was conducted of all patients who underwent revision THA (rTHA)
for periprosthetic UCS B2 and B3 periprosthetic fracture who received a single design mon-
oblock fluted tapered titanium stem at two large, tertiary care, academic hospitals. A total
of 72 patients met inclusion and exclusion criteria (68 UCS B2, and four UCS B3 fractures).
Primary outcomes of interest were radiological stem subsidence (> 5 mm), radiological osse-
ointegration, and fracture union. Sub-analysis was also done for 46 patients with minimum
one-year follow-up.

Results

For the total cohort, stem osseointegration, fracture union, and stem subsidence were
98.6%, 98.6%, and 6.9%, respectively, at latest follow-up (mean follow-up 27.0 months (SD
22.4)). For patients with minimum one-year of follow-up, stem osseointegration, fracture
union, and stem subsidence were 97.8%, 97.8%, and 6.5%, respectively.

Conclusion

Monoblock fluted stems can be an acceptable modality for the management of UCS B2 peri-
prosthetic fractures in rTHAs due to high rates of stem osseointegration and survival, and the
low rates of stem subsidence, and revision. Further research on the use of this stem for UCS
B3 periprosthetic fractures is warranted to determine if the same conclusion can be made
for this fracture pattern.
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Introduction

United Classification System (UCS) B2 and
B3 fractures are defined as periprosthetic
fractures (PPFx) around a loose femoral stem,
with or without good remaining bone stock,
respectively. These have shown challenges
in management due to difficulties in treating
the fracture in tandem with managing the
loose implant, requiring revision total hip

arthroplasty (rTHA) surgery, as well as frac-
ture fixation.”* UCS B2 and B3 fractures
have been traditionally managed with the
use of modular long porous-coated tapered
cementless stems with optional use of prox-
imal bone allograft and cerclage cables.?58
The construct popularity has been attributed
to multiple factors, such as control in the
adjustment of leg length, neck anteversion,
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Fig. 1

a) Preoperative hip anteroposterior (AP) radiograph of 72-year-old male with Vancouver B2 periprosthetic fracture. b) Two-year postoperative AP hip
radiograph with monoblock tapered fluted revision femoral stem with stem osseointegration.

and offset following implantation of the distal fixation
portion of the stem, in addition to imparting stability
distal to the PPFx while maintaining the proximal femoral
bone.>>® However, studies have also shown several
disadvantages, such as higher rates of stem subsidence
and intraoperative fracture, as well as implant failures
including corrosion and junctional fractures at the prox-
imal and distal segments of the prosthesis.*" Although
monoblock stems have not been used in the same volume
as modular stems for the management of PPFx, they have
been shown as an acceptable modality for rTHAs, with
similar clinical and functional outcomes as well as similar
complication rates compared to modular stems.”'>16 A
main drawback of monoblock stems may be the lack of
versatility offered by modular stems; however, they may
offer simplicity of use and reduced cost."”

The purpose of the current study was to determine
implant survivorship, postoperative complications, post-
operative revisions, radiological outcomes, and osse-
ointegration following treatment of a PPFx with a single
design fluted tapered titanium monoblock stem.

Methods

Data source. We performed a retrospective review of all
patients who underwent rTHA for periprosthetic UCS B2
and B3 fracture with a minimum follow-up of 90 days

who received a single-design fluted tapered titanium
monoblock stem at two large, tertiary care, academic
hospitals (NYU Langone Orthopedic Hospital, and Florida
Orthopaedic Institute). After obtaining institutional re-
view board approval, electronic medical records (EMR)
were reviewed to identify all rTHAs performed between
April 2015 and February 2021. Inclusion criteria for this
study was patients who were aged 18 years or older who
underwent rTHA of their primary femoral stem using a
monoblock stem (Redapt Revision Hip System; Smith &
Nephew, USA) for UCS B2 and B3 periprosthetic frac-
tures. Exclusion criteria included primary and conversion
THA cases, and use of the same monoblock stem for revi-
sions other than periprosthetic UCS B2 and B3 fractures
(Figure 1). Data about UCS B2 and B3 fractures were tak-
en from two surgeons, one from each institution: RS has
11 years of experience and uses the posterior approach,
while DTW has 16 years of experience and uses the direct
anterior approach. After exposing the hip joint, fracture
site, and implants, both surgeons dislocated the hip, ex-
planted the femoral stem, and assessed stability of the
acetabular component. None of the cases required an
extended trochanteric osteotomy for implant removal.
Following thorough debridement and irrigation both sur-
geons introduced the revision monoblock tapered stem
followed by fracture fixation using cerclage wires, cables,
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Table 1. Demographic data for full cohort.

Table II. Surgical and fracture characteristics for full cohort.

Variable Cohort (n=72)

Variable Cohort (n=72)

Median age, yrs (IQR)
Sex, n (%)
Male 21 (29.2)
51 (70.8)
24.3(21.0t0 29.4)

72 (63 to 83)

Female
Median BMI, kg/m? (IQR)
ASA grade, n (%)

1 0 (0)

2 29 (40.3)
3 38(52.8)
4 5(6.9)
Smoking status, n (%)

Current 51 (70.8)
Former 16 (22.2)
Everyday 5(6.9)
Race, n (%)

White 64 (88.9)
African-American 5(6.9)
Asian 2(2.8)
Other race 1(1.4)

Mean surgical time, mins (IQR)
Mean estimated blood loss, ml (IQR)
Mean length of stay, days (IQR)
Laterality, n (%)

116 (96 to 144)
500 (300 to 800)
5.9 (4.0 t0 6.6)

Right 38 (52.8)
Left 34 (47.2)
Median stem size, mm 240
Median stem thickness, mm 17
Median femoral head diameter, mm 36

UCS, n (%)

B2 68 (94.4)
B3 4 (5.6)
Greater trochanter plate, n (%)

No 48 (66.7)
Yes 24 (33.3)
Cables, n (%)

No 4(5.6)
Yes 68 (94.4)
Median (IQR) 3 (0to6)

ASA, American Society of Anesthesiologists; IQR, interquartile range.

and/or plates. After inclusion and exclusion criteria were
satisfied, the study total cohort consisted of 72 patients.
A sub-analysis was performed to report outcomes for the
46 patients who had a minimum one-year follow-up.

Outcomes. EMRs from both institutions were reviewed for
demographic data, including age, race, sex, BMI, smok-
ing status, and American Society of Anesthesiologists
(ASA) grade. Surgical data were also collected, including
operating time, as measured from time of incision to clos-
ing, surgical approach, use of cerclage cables and great-
er trochanter fixation plates, and implant size, including
femoral stem length, size, and femoral head diameter.
Clinical outcomes such as length of stay (LOS), discharge
disposition, 90-day readmissions, and 90-day readmis-
sion indications were collected. LOS was calculated from
surgery to discharge time. Immediate postoperative mo-
bility and rehabilitation was allowing weightbearing as
tolerated. In addition, number of reoperations, defined
as any return to the operating theatre without revision
of implants, and reoperation indication was obtained.
Furthermore, indication and number of re-revisions were
collected. Re-revision was defined as any return to the
operating theatre where the acetabular component, fem-
oral component, and/or polyethylene liner were explant-
ed or exchanged. Anteroposterior (AP) and cross-table
lateral radiographs were analyzed for radiological out-
comes, and these were obtained during the preoperative
period, the immediate postoperative period, and subse-
quent visits. Stem subsidence was assessed by measur-
ing the distance between predetermined landmarks on
the prosthesis and the femur such as measuring the dis-
tance from the shoulder of the implanted prosthesis to

IQR, interquartile range.

the proximal tip of the greater trochanter of the femur,
or the distance from the shoulder of the prosthesis to cer-
clage cables on the femur, as discussed by Callaghan et
al.”® A change of > 5 mm from the immediate postoper-
ative radiograph to the latest radiograph was considered
significant subsidence as described by numerous stud-
ies.’”22 Furthermore, stem osseointegration was assessed
by radiologically analyzing fixation by bony ongrowth,
defined as the formation and attachment of new bone
onto the femoral prosthesis.?* This was done according
to criteria established by Rodriguez et al,?* adapted from
Engh et al,”* who defined radiological fixation by bony
ongrowth as minimal or no radio-opaque line formation
around the stem and no subsidence beyond the initial six
weeks of weightbearing. Radiographs were independent-
ly reviewed by two orthopaedic surgeons.

Statistical analysis. Descriptive statistics were used to
present the data. Categorical variables were presented
using chi-squared analysis and reported in count (per-
centage). Continuous variables were presented in medi-
ans (interquartile range (IQR)). Follow-up was present-
ed with means and standard deviations (SDs). Statistical
analysis was performed using SPSS v. 25 (IBM, USA).

Results

Demographics. The total cohort mean follow-up time
was 27.0 months (SD 22.4). For the total cohort, mean
age was 71.5 years (36 to 92). In all, 21 patients (29.2%)
were male and 51 (70.8%) were female. Mean BMI was
25.6 kg/m? (21.0 to 29.4). Additional demographic data
can be found in Table I.
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Fig. 2

Radiological sequelae of a 58-year-old female patient with subsidence
which stabilized over time. a) Immediate postoperative anteroposterior (AP)
left hip radiograph demonstating a Vancouver B2 periprosthetic fracture
revised with a monoblock tapered fluted stem and three cerclage wires.

b) One-month postoperative AP left hip radiograph demonstrating minor
femoral implant subsidence compared to initial stem position in a). c) One-
year postoperative AP left hip radiograph with continued femoral implant
subsidence d) Two-year postoperative AP left hip radiograph with stabilized
femoral implant subsidence.

Periprosthetic fracture and surgical characteristics. A to-
tal of 68 patients (94.4%) had a UCS B2 fracture, whereas
four patients (5.6%) had a UCS B3 fracture. The median
stem size, stem thickness, and femoral head diameters
were 240 mm, 17 mm, and 36 mm, respectively. Median
surgical time was 116 minutes (IQR 96 to 144). Median
estimated blood loss was 500 ml (IQR 300 to 800).
Additional surgical data can be found in Table Il. Of the
72 fractures, one patient with a UCS B3 fracture received
cancellous chips as an allograft. Additional surgical data
can be found in Table II.

Outcomes for total cohort. Overall, 11 patients (15.3%)
were readmitted within 90 days; seven (9.7%) of these
were non-orthopaedic-related readmissions, of whom
two (2.8%) were readmitted for cellulitis around the sur-
gical site, two (2.8%) for sepsis (unrelated to the rTHA),

one (1.4%) for an ST-elevation myocardial infarction,
one (1.4%) for altered mental status, and one (1.4%) for
a gout flare up. A total of two patients were readmitted
within 90 days for re-revisions, one of which was for in-
stability/dislocation, and another for femoral stem sub-
sidence > 2 cm. One patient (1.4%) suffered a L1 burst
fracture from afall, and one patient (1.4%) had a reopera-
tion within 90 days, due to a closed fracture of the greater
trochanter as a result of a fall. This was managed with
open reduction and internal fixation (ORIF).

A total of four (5.6%) re-revision THAs were noted, of
which two (2.8%) were for instability/dislocation. In the
first case of re-revision, for instability/dislocation the liner
and femoral head were revised. For the primary THA, this
patient received a 32 + 8 mm ceramic head and a neutral
liner. In the rTHA for fracture, this was replaced with a
36 mm outer and a 22 + O mm inner dual-mobility head.
For the re-revision THA for dislocation, this was revised
to a 32 + 4 mm ceramic head and a 20° lipped liner. The
shell was well fixed and well positioned and therefore
retained throughout all three surgeries. In the second
case of re-revision for instability/dislocation, the femoral
head, and liner were revised. For the primary THA, the
patient received a 36 + 4 mm ceramic head and a 20°
lipped liner. In the rTHA for fracture, this was replaced
with a 36 + 3 oxinium head, while the liner was retained.
For the re-revision THA for dislocation, this was replaced
with 48 mm outer and a 28 + 4 mm inner dual-mobility
head. The shell was well fixed and well positioned and
therefore retained throughout all three surgeries. All
acetabular cups were assessed for implant stability and
position during the index revision. Within our cohort
none of the patients had a loose or mal-positioned acetab-
ular component as assessed by the operating surgeon at
the time of the surgery, thus none of the acetabular cups
were revised. The third re-revision (1.4%) was for aseptic
failure of the femoral stem due to significant stem subsid-
ence (> 2 cm). In this case, the liner, femoral head, and
femoral stem were revised. The fourth re-revision (1.4%)
was for periprosthetic joint infection (PJI). This patient
received a two stage re-revision for infection six years
after index revision due to Staphylococcus aureus PJl. The
stem was explanted in the first stage and an antibiotic
spacer was implanted. In the second stage, the spacer
was explanted and a monoblock fluted tapered stem was
implanted. The femoral head, liner, and acetabular shell
were also revised.

Stem radiological osseointegration and fracture union
occurred in 71 (98.6%) of implanted stems, while radio-
logical stem subsidence was detected in five patients
(6.9%). Of these, four stabilized and achieved radiological
osseointegration. These four patients had subsidences of
5.4 mm, 5.3 mm, 15.1 mm, and 15.4 mm, respectively.
An example of a patient that had 15.4 mm subsidence
that eventually stabilized can be seen in Figure 2.
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Fig. 3
Radiological sequelae of a 61-year-old female who did not achieve osseointegration. a) Preoperative anteroposterior (AP) hip radiograph of a Vancouver B2
fracture, as well as a femoral stem fracture following a minor trauma. b) Immediate postoperative AP pelvis radiograph demonstrating a revised femoral
implant using a monoblock tapered fluted revision femoral stem and cerclage wires. c) Four weeks postoperative AP pelvis radiograph showing a femoral
stem subsidence compared to the immediate postoperative radiograph. d) Immediate postoperative AP pelvis radiograph following re-revision surgery with a
monoblock tapered fluted revision femoral stem.

One patient did not achieve radiological osseointe-
gration. Following fixation of the UCS B2 fracture, one
patient complained of a leg length discrepancy (LLD)
at four weeks postoperatively, after reporting no issues
during their two-week visit. Imaging showed 15.1 mm
subsidence of the femoral stem is shown in Figure 3. At
the six-week visit, the patient continued to complain of
a LLD and new onset pain. Radiological analysis demon-
strated continued subsidence. The patient was re-revised
from a size 15 mm diameter stem to an 18 mm diam-
eter larger stem of the same design, and at two years’
follow-up post-re-revision, the patient was doing well
with no reported pain or LLD.

Outcomes for patients with a minimum two-year fol-
low-up. The mean follow-up time for the sub-analysis
(n = 46) with a minimum one-year follow-up was 38.6
months (SD 17.9). Stem radiological osseointegration and
fracture union occurred in 45/46 (97.8%) of implanted
stems, while stem subsidence was radiologically detect-
ed in three patients (6.5%). Of these, two stabilized and

achieved radiological osseointegration. The stem that did
not achieve osseointegration and was revised was due to
significant (> 2 cm) stem subsidence, as mentioned previ-
ously. Additional data can be found in Table IlI.

Discussion

Periprosthetic UCS B2 and B3 fractures are a potential
devastating consequence following primary THA, with
known challenges in management of the fracture and
femoral stem implant. Due to expansion of indications
for THA, as well as a growing elderly population, the inci-
dence of periprosthetic fracture is expected to rise.?6:?
To our knowledge, this is the first study to report the
outcomes of a single monoblock fluted tapered titanium
stem in the management of UCS B2 and B3 periprosthetic
fractures. Our findings support the use of a monoblock
stem as an acceptable modality due to high implant
survivorship and radiological osseointegration, and low
rates of stem revision and subsidence.
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Table Ill. Clinical outcomes of full cohort and sub-analysis.

Cohort (n =72) Sub-analysis (n = 46)

Variable

Discharge disposition,

n (%)

Home 28 (38.9) 19 (41.3)
SNF 37 (51.4) 24 (52.2)
ARF 7(9.7) 3(6.5)
90-day readmission, n

(%) 11 (15.3) 6 (13.0)
Reason for 90-day

readmission, n (%)

Non-orthopaedic 7(9.7) 4(8.7)
Revision 2(2.8) 1(2.2)
Reoperation 1(1.4) 1(2.2)
Trauma 1(1.4) 0 (0.0)
Reason for reoperation,

n (%)

Periprosthetic fracture 1(1.4) 12.2)
Revision, n (%) 4 (5.6) 4(8.7)
Instability/dislocation 2(2.8) 2(4.3)
Aseptic stem failure 1(1.4) 1(2.2)
PJI 1(1.4) 1(2.2)
Osseointegration, n (%) 71 (98.6) 45 (97.8)
Fracture union, n (%) 71 (98.6) 45 (97.8)
Subsidence, n (%) 5(6.9) 3(6.5)

ARF, acute rehabilitation facility; PJI, periprosthetic joint infection; SNF,
skilled nursing facility.

At most recent follow-up, 71 out of 72 stems (98.6%)
in the full cohort had achieved radiological osseointe-
gration, as well as 45 out of 46 stems (97.8%) in the
minimum one-year follow-up sub-analysis. Although
there were no previous studies detailing outcomes for
UCS B2 and B3 fractures in solely monoblock stems, the
present study’s reported rates of osseointegration and
subsidence are consistent with previous studies that eval-
uated the use of modular tapered fluted titanium stems
for the management of UCS B2 and B3 periprosthetic
fractures.>>%2832 |n particular, Munegato et al*' observed
radiological outcomes of 25 patients with UCS B2 and
B3 fractures treated with modular tapered fluted titanium
stems, with a mean follow-up time of 29.16 months,
similar to our study. They found that 2/25 patients (8.0%)
had a subsidence = 5 mm, and 24/25 patients (96%) had
radiological union by latest follow-up, comparable to the
rates of subsidence and radiological osseointegration in
the current study.?' Moreover, they did not observe any
cases of re-revision for aseptic stem failure in their cohort
as well.®

There were four re-revisions (5.6%) in the total cohort
in the current study, the most common aetiology was
instability/dislocation (2.8%). Although some studies
have previously reported that dislocation is one of the
most, if not the most, common complication after rTHA,
not all of these dislocations required a re-revision surgery
and were instead managed with closed reduction.15:33-35

In addition, some studies evaluated older monoblock
designs and may not be indicative of outcomes of
modern monoblock stems.'333343637 A more recent study
conducted by Yacovelli et al evaluated outcomes of
modern revision modular and monoblock tapered fluted
titanium femoral stem designs, and found no re-revision
surgeries for dislocations in their cohort of 63 patients
(out of 335) who were managed with monoblock
tapered fluted titanium stems. Moreover, they found no
statistically significant difference in re-revision surgeries
due to dislocation between both their monoblock and
modular cohorts.” Moreover, Feng et al'> compared
outcomes of rTHA for all indications in 108 modular TFT
stems compared to 110 monoblock TFT stems, and found
no statistical differences with regards to rates of postop-
erative dislocation between cohorts. Lastly, Koutalos et
al*® conducted a systematic review of 46 studies with a
combined 4,601 stem revisions that compared outcomes
between monoblock and modular tapered fluted stems,
and found no statistically significant difference in postop-
erative dislocation rates.

As previously discussed, modular stems have been a
preferred option for periprosthetic UCS B2 and B3 frac-
tures.>>® Reported complications of modular stems
include increased risk of femoral fracture and stem frac-
tures at the modular junction compared to monoblock
stems.’>34 Feng et al'? found that their cohort of 108
modular stems had a statistically significant increase in
incidence (16.7%) of intraoperative femoral fractures
compared to their cohort of 110 nonmodular stems
(4.5%; p = 0.004). Similar studies have corroborated
these results.“°#>4* Feng et al'? also postulated that the
high rate of intraoperative femoral fractures for modular
stems could be due to the design of the modular pros-
thesis, as well as experience of the operating surgeon,
while Huddleston et al*® reported that optimization of
the distal and proximal segments of the trial prosthesis
may lead to hoop stresses above the threshold for frac-
ture that could lead to inevitable failure once the real
prosthesis is implanted. In addition, modular stems have
been reported to have risks of stem and junctional frac-
tures, especially in overweight and obese patients." 54
Konan et al*¢ detailed a series of five fractures (18.5%)
at the modular junction of 27 revision modular tapered
fluted stems, and suggested that due to this risk of stem
fracture, non-modular stems should be considered
more for stem revisions for all indications. In a separate
study, Konan et al¥ also conducted a systemic review
of outcomes of revision THAs using a monoblock stem
(Wagner; Zimmer Biomet, USA), and found no reports
of stem fractures. In the present study, we also did not
encounter any reported stem fractures.

However, it is important to note that although the
aforementioned studies show no difference in dislo-
cation rates between modular and monoblock stems,
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modular stems can provide the benefit of optimizing leg
length, offset and femoral neck anteversion. Restrepo
et al*® discussed the utility of modular femoral stems in
118 patients who required an rTHA due to failure of the
femoral component, and they reported that they were
able to restore femoral offset and equalize leg length,
in addition to providing adequate distal fixation in a
majority of their patients.

Limitations. There are several limitations to the present
study: it was retrospective in nature, which can introduce
potential selection bias. Also, these revision surgeries
were not all performed by the same surgeon, and were
not all performed in the same institution, leading to po-
tential differences in surgical technique and approach.
Although UCS B2 and B3 fractures are similar in nature,
we may not have enough UCS B3 fractures in our analysis
to conclude that a monoblock fluted tapered stem could
be an effective management option for UCS B3 fractures.
In addition, there was no comparison group, as we ana-
lyzed solely patients who received the same monoblock
single-design fluted tapered titanium stem. Moreover,
the sample size of this study is relatively limited, and the
sample of patients with at least two-year follow-up is
even smaller. Furthermore, both surgeons planned to use
a monoblock stem preoperatively, and it was used in all
cases, but we are unaware of any intraoperative decisions
due to the retrospective nature of the study. Lastly, we
did not have patient-reported outcome scores due to lack
of sufficient data from the cohort and the non-elective
nature of the cases.

In conclusion, modular fluted tapered stems have
been a preferred choice of management for UCS B2 and
B3 periprosthetic fractures, we believe monoblock stems
can provide similar postoperative radiological and clin-
ical outcomes for UCS B2 fractures as shown in our study
with comparable rates of subsidence, and stem revision.
Further work to evaluate the use of monoblock stems for
this indication, especially in UCS B3 fractures, is needed
to corroborate our results and provide surgeons another
valid, efficacious, and evidence-based option for manage-
ment of UCS B2 and B3 periprosthetic fractures.

A Take home message

’) - Monoblock fluted stems can be an acceptable modality for
the management of UCS B2 periprosthetic fractures in revision
total hip arthroplasties (rTHAs).

- Rates of stem osseointegration and survival, and low rates of stem

subsidence and revision, compared to modular stems, provide surgeons

with additional options for rTHAs for UCS B2 fractures.

Twitter
Follow J. Thomas @NYUARResearch
Follow R. Schwarzkopf @MDSchwarzkopf
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