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Abstract
Purpose of Review To describe the (1) indications, (2) preoperative precautions, and (3) stepwise technical details of modern
femoral stem cemented fixation.
Recent Findings Femoral stem cementation provides excellent implant longevity with a low periprosthetic fracture rate among
patients with compromised bone quality or aberrant anatomy. Unfamiliarity with the details of modern cementation techniques
among trainees who may lack frequent exposure to cementing femoral stems may preclude them from offering this viable option
to suitable patients in later stages of their careers. As such, maximizing benefit from cemented femoral stem fixation among
suitable candidates is contingent upon the meticulous use of modern cementation techniques.
Summary In addition to proper patient selection, modern cementation techniques emphasize the use of (1) pulsatile lavage of the
femoral canal, (2) utilization of epinephrine-soaked swabs, (3) vacuum cement mixing, (4) retrograde cement introduction, (5)
cement pressurization, and (6) the use of stem centralizers. Furthermore, identifying and optimizing the preoperative status of at-
risk patients with pre-existing cardiopulmonary compromise, in addition to intraoperative vigilance, are essential for mitigating
the risk of developing bone cement implantation syndrome. Further research is required to assess the utility of cemented femoral
stem fixation among younger patients.

Keywords Total hip arthroplasty (THA) . Hemiarthroplasty . Cemented femoral stem fixation . Operative steps . Femoral stem
design .Modern cementation technique

Introduction

Over 370,000 total hip arthroplasties (THAs) are performed
annually in the USA [1], although only 1–2 out of 10 (14%)
utilize cemented femoral stem fixation [2]. Conversely, such
regional pattern is upended in Europe, where 73.1% [3] and
56.7% [4] rates of cemented femoral stem fixation were de-
scribed in Sweden and the UK, respectively. Overall,
cemented and cementless arthroplasties have robust and pre-
dictable outcomes, with reported overall 15-year survival rates
estimated at 77–82% [5, 6] and 78–80%, respectively [7, 8].
However, multiple studies have outlined that cementless fem-
oral stem fixation is associated with higher early revision rates
compared to its cemented counterpart owing to an increased

risk of 3-month postoperative fracture and/or loosening [9••,
10–12]. Similarly, superior midterm outcomes of cemented
femoral stems among patients with poor bone quality have
been described [13, 14].

Despite the reported good to excellent track record of
cemented fixation of femoral stems, the proportion of
cementless hip arthroplasty has continued to grow, especially
in the USA [2]. Such disparity between literature and practice
has been attributed to the ease of using cementless implants
and strong marketing for cementless solutions, in addition to
an unfamiliarity with the details of modern cementation tech-
nique among US trainees who may lack frequent exposure to
cementing femoral stems [15–17]. Several limitations attrib-
uted to cementing femoral stems are based on outdated ce-
mentation techniques which engender high cement porosity,
poor cement penetration at the cement–bone interface as well
as frequent contamination with impurities as residual blood,
bone marrow contents, and air bubbles that compromise the
cemented construct’s integrity and mitigate survivorship [16,
18, 19••]. Nevertheless, many of these limitations have been
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addressed by advancements in current fourth-generation ce-
mentation techniques required to perform a high-quality
cemented femoral stem fixation.

Of note, while cemented femoral stems have demonstrated
advantageous clinical outcomes relative to their cementless
counterparts, the same has not held for acetabular compo-
nents. Cementless acetabular fiber-mesh components have
been reported to have lower rates of radiographic loosening
(p = 0.012) at 10 years postoperatively [20]. Furthermore, 3D
highly porous titanium acetabular cups achieve reliable
osteointegration and have reported short-term survivorships
up to 99.3% [21, 22]. Hybrid THA describes the isolated
cemented fixation of the femoral component and has evolved
to encompass the advantages of cemented femoral stem fixa-
tion while mitigating the risk of aseptic loosening associated
with the cemented fixation of acetabular components [23–25].
Therefore, adequate working knowledge of the techniques of
femoral stem cementation is of crucial significance.

To this end, the aim of the current review is to provide a
stepwise technical guide to performing appropriate femoral
stem cementation using modern fourth-generation cementa-
tion techniques.

Choosing the Correct Patient

Potentially, most patients could be treated with either a
cemented or cementless femoral component. While cemented
femoral stems provide added value among certain popula-
tions, there is no clear delineation of subgroup characteristics
beyond which cementation would be contraindicated [26].
Current evidence emphasizes favorable outcomes of
cemented femoral components in the elderly with particular
emphasis on females and those with overall poor bone quality
[19••, 27] (Table 1). Conferred advantages within this popu-
lation include lower intraoperative complications [28, 29•],
aseptic loosening [30], and all-cause revision rates [31••, 32,
33], in addition to enhanced 10-year implant survivorship
[34–36]. However, designating an age cutoff for improved
outcomes is controversial [36]. Analyses of multiple national
registries report a lower risk of revision conferred by femoral
component cementation in patients older than 75 years

undergoing primary THA [19••, 26, 37]. Abdel et al. broad-
ened these findings through an analysis of 32,644 patients
undergoing cemented and cementless THA, reporting a 14-
fold increase in intraoperative periprosthetic fractures within
patients undergoing THA with cementless femoral compo-
nents [28]. Particular at-risk subgroups were female patients
and patients ≥ 65 years. Of note, several cementless designs
demonstrated overall survival exceeding 90% at 20 years, par-
ticularly among younger populations (< 50 years) [38, 39]. As
such, it may be more appropriate for younger patients to re-
ceive cementless implants in the absence of a compelling rea-
son for cementation [40].

Additional patient subgroups who could benefit from fem-
oral stem cementation include patients with femoral neck frac-
tures [31••], those exhibiting narrow proximal femoral canals
[27] as in developmental dysplasia of the hip, patients with
periprosthetic fractures, or significant proximal femoral bone
loss (Dorr type C) [27, 28, 30, 41–44]. Indeed, a recent anal-
ysis from the Norwegian Hip Fracture Register highlighted a
1.5-fold increase in all-cause reoperation among patients re-
ceiving cementless hemiarthroplasty compared to cemented
stem fixation [31••]. These findings emphasize the value of
femoral component cementation in attenuating the risk of in-
traoperative and postoperative periprosthetic fractures among
predisposed populations with compromised bone quality or
aberrant anatomy.

Perioperative Precautions

The preoperative identification of high-risk patients for devel-
oping bone cement implantation syndrome (BCIS) is critical
to prevent intra- and perioperative morbidity and mortality
[45]. BCIS is an intraoperative systemic complication defined
as a constellation of hypoxia, hypotension, and/or cardiopul-
monary collapse occurring around the time of cementation,
prosthesis insertion, reduction of the joint, or, occasionally,
limb tourniquet deflation in a patient undergoing cemented
bone surgery [45]. Established risk factors for BCIS include
≥ 65 years of age, male gender, diuretic or warfarin use,
COPD, cardiopulmonary disease, pre-existing pulmonary hy-
pertension, and metastatic bony disease [45–47]. Additional
local factors include the presence of a hip fracture, a wide
femoral canal (≥ 21 mm), and revision surgery [47, 48].
While the definitive cause of BCIS remains controversial,
several reports have implicated embolic phenomena, methyl
methacrylate (MMA) particle or histamine-induced vasodila-
tion, complement activation, or a combination of the afore-
mentioned pathogeneses [47, 49].

Preoperative considerations for at-risk patients include
maximizing cardiopulmonary stability, volume repletion,
and optimizing comorbidities [19••, 45, 47]. Furthermore,
choice of anesthesia should account for the exaggerated he-
modynamic manifestations of BCIS when coupled with

Table 1 Patient subgroups with potential to benefit from femoral stem
cementation

Candidates for femoral stem cementation

Elderly patients (≥ 65 years) especially females

Femur type C Dorr classification (inner canal diameter at the midportion
of lesser trochanter divided by diameter 10 cm distal > 0.75)

Severe osteoporosis

Femoral neck fracture

Narrow femoral canal or aberrant proximal femoral anatomy
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inhalation agents [47, 50]. In addition to intraoperative high
oxygen concentration, systolic BP within 20% of baseline
should be targeted. Capnography and pulse oximetry are es-
sential, potentially coupled with an arterial line as well as
invasive hemodynamic monitoring for early detection of he-
modynamic instability, and the possible need for frequent ar-
terial blood gases [19••, 47].

Femoral Stem Considerations

Femoral stem design typically conforms to one of two
established biomechanical philosophies: taper-slip (force
closed) or composite-beam (shape closed) stems [19••, 51].
Taper-slip femoral stems become wedged into the surrounding
cement mantle [52, 53]. Postoperative controlled stem subsi-
dence of 1–2 mm is expected over the initial year and is consid-
ered conducive to biomechanical stability [54–56]. Controlled
subsidence ensures transmission of the axial forces acting on the
femoral stem into radial compressive forces transmitted to the
proximal femoral cortex in the form of hoop stress [19••, 57].
This philosophy allows for both improved proximal loading of
the cement and significant reduction of the peak pressures at the
proximal and distal cement mantles [51]. With the goal of
subsidence-dependent fixation, taper-slip stems are character-
ized by a smooth polished surface with bi- or tri-planar tapers,
thereby ensuring a robust cement–bone bond through cement–
bone interdigitation. In addition, the weaker stem–cement inter-
face allows for controlled subsidence and micromotion toler-
ance with minimal debris generation [58]. Of note, there have
been reports of proximal bone remodeling in response to the
indirect load transmission through the cement mantle; however,
the implications of such findings remain unclear [59].

The rotational stability of taper fit stems is influenced by its
cross-sectional geometry. Whereas rectangular cross-section
stems offer higher rotational stability against torsional forces
[60], the resultant stress risers generated at the corners predis-
pose to the development of microfractures within the cement
mantle, which can adversely affect the durability of the construct
[19••, 61]. A similar mechanism is not evident among oval
cross-section stems where stress riser points are not readily cre-
ated [51, 61]. Notably, the permissiveness of taper-slip stems to
micromotion makes mitigating stress riser generation a crucial
consideration to avert compromise in the construct’s longevity.

Unlike taper-slip femoral stems, composite-beam designs
are intended to attain postoperative stability with minimal to
no early subsidence [57, 62]. Composite-beam designs exhibit
strong adhesive forces between the textured stem surface and
the cement mantle. This construct leads to the conversion of
the axial forces acting on the femoral stem into tensile shear
forces that are transmitted to the cement–bone interface [19••,
51]. Such shear forces at the cement–bone interface coupled
with cyclic loading cause progressive debris generation, a ma-
jor driver of osteolysis and implant loosening. Indeed, a 4%

increase in revision rate has been associated with each 0.1 mm
of subsidence beyond the acceptable 0.15 mm threshold at 2
years postoperatively [62].

The impact of femoral stem size relative to the diameter of
the femoral canal (canal fit) on construct integrity varies accord-
ing to the femoral stem type. While a greater femoral stem size
might be counterproductive in taper-slip designs owing to im-
pedance of early migration and wedging [19••, 61], composite-
beam stems might benefit from the added stability of stem–
cortex points of contact [19••, 63]. Conversely, points of direct
contact between cortical bone and the femoral stem are consid-
ered weak points through which the previously isolated debris
generated at the stem–cement interface could migrate, reaching
the cement–bone interface and aggravating osteolysis [61].

Composite-beam femoral stem precoating with polymethyl
methacrylate (PMMA) evolved to enhance adhesion at the
stem–cement interface, in an attempt to counter loosening
and promote construct longevity [64]. However, early results
using second-generation cementation techniques outlined
high 10-year failure rates of 9.5% compared to 3.9% for their
uncoated polished counterparts [65]. Paradoxical failure oc-
curred at the stem–cement interface and was mainly attributed
to the thin cement mantle associated with precoated cement
use. Recent 15-year follow-up reports describe a combination
of poor cementation second-generation cementation tech-
niques to be a major driver of the failure of such designs, in
addition to potential inherent design flaws [64, 66].

Overall acceptable survivorship has been established for
both taper-slip and composite-beam femoral stem designs
[56, 67]. However, a recent analysis of 292,987 cemented
hip arthroplasties between 2003 and 2013 from the National
Joint Registry of England and Wales highlighted higher revi-
sion rates among composite-beam stems (1.7%) compared to
taper-slip designs (1.3%; p < 0.001) [56]. The less forgiving
nature of composite-beam designs to suboptimal cementation
technique should be factored in the decision-making process.
The abrasive capacity and surface roughness of the cemented
femoral stem is likewise an important consideration (Fig. 1).
Similarly, the wide array of the extent of taper-slip stem sur-
face roughness influences its biomechanical behavior. Indeed,
taper-slip stems could be subclassified into polished (Ra <
1.0 μm causing minimal cement abrasion), matte (Ra <
2.0 μm causing no excessive cement abrasion assuming no
significant stem micromotion), and rough (Ra > 2.0 μm caus-
ing excessive cement abrasion, can only be applied to loca-
tions with minimal micromotion) [68–71].

Choice of Approach

Traditionally, the implantation of cemented femoral compo-
nents may be conducted through any approach including pos-
terior, anterolateral, direct lateral, or anterior approach
highlighting the need to obtain satisfactory exposure of the
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femoral canal, which is critical for reliable orientation of the
femoral components intraoperatively [19••]. Furthermore,
candidates for cemented femoral components typically dem-
onstrate poor bone quality, an established risk factor for
perioperative proximal femoral fractures, especially when
coupled with broaching under poor visualization/blind
broaching [72].

Nevertheless, implanting cemented femoral compo-
nents through a direct anterior approach remains a via-
ble option in the absence of anatomical constraints and
general anterior approach contraindications [72]. Further
emphasis should be made to ensure adequate exposure
of the proximal femur. While exposure and osteotomy
can be achieved through minimal incision length, suffi-
cient control over the femoral stem insertion and final
orientation within the cemented canal dictates the pres-
ence of a generous exposure [73]. Therefore, a proximal
extension of the anterior surgical incision may be re-
quired [72]. Anterior approaches require prudence to
establish a posterolateral entry point into the femoral
canal and secure a neutral position of the femoral stem
within the canal.

Proximal Femoral Osteotomy and Canal Preparation

The femoral neck osteotomy is started in accordance with the
preoperative templating; generally, one fingerbreadth above the
lesser trochanter medially to provide sufficient metaphyseal
calcar support and subsequently extended laterally to exit at
the level of the saddle (Fig. 2) [19••]. The use of a neck resec-
tion guide, combined with electrocautery to outline resection
borders, can alternatively guide a more accurate resection [74].
Erring on the side of conservative resection rather than over-
resection is preferred since the former can be rectified via calcar
planning or re-cutting the femoral neck. Collarless femoral
stems are more tolerant of minor deviations from planned fem-
oral neck cuts, allowing for minor corrections to increase the
insertion depth of the stem after cementation. Conversely, a
collared stem impinges on the calcar, making a precise neck
cut critical to achieving the desired vertical offset [19••, 61, 63].
Notably, over-resecting the femoral neck can be partially recti-
fied by utilizing a collared stem cemented at a greater vertical
offset with an intervening cement mantle between the collar
and the deficient calcar (proud stem).

The remaining cortex at the femoral neck–greater trochan-
teric junction is breached using a box osteotome to enter the
femoral canal in an identical trajectory to that of the straight
reamer (Fig. 3). A straight reamer can then be inserted at a
posterolateral initiation point of the resection plane near the
piriformis fossa to ensure appropriate alignment within the
femoral canal [19••, 75]. Femoral canal preparation is under-
taken according to the implant-specific surgical technique
guide, through a serial reaming if indicated followed by se-
quential broaching with repetitive irrigation and suctioning
between broach size increments to mitigate the risk of embo-
lization (Fig. 4) [19••, 76]. Broaching should be performed
while maintaining a trajectory conducive to proper implant
alignment (avoiding varus) and continued until all but the
outer 3–4 mm of cancellous metaphyseal bone is removed,
and the desired axial and rotational stability within the femoral
canal is attained to permit a trial reduction [19••]. At this point,
further alterations of calcar height could be performed.

After successful trial reduction, marking the broach shoul-
der height and the desired stem anteversion, on the greater
trochanter and the cut surface of the femoral neck, respective-
ly, aids in the accurate insertion of the permanent implant at
the desired depth, alignment, and orientation [19••]. A cement
restrictor is inserted to a level 1–1.5 cm distal to the planned
level of the femoral stem tip to allow for an adequate distal
cement mantle (Fig. 5) [19••, 48]. Upsizing femoral restrictors
is encouraged to prevent distal migration and provide suffi-
cient counter-force during cement pressurization.

Thorough pulse lavage of the femoral canal in addition to
possible canal brushing and adequate suctioning promote in-
terdigitation at the cement–bone interface that would other-
wise be compromised by intervening blood, fat, and marrow

Fig. 1 Rough (left) and polished (right) taper-slip stem designs fixed
using fourth-generation cementation techniques
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cells, and also mitigates the risk of embolization and BCIS
during cement insertion and pressurization [19••, 47, 50, 77,
78]. A dry sponge can be used to ensure canal dryness, follow-
ed by scrubbing with an epinephrine-soaked sponge
(1:100,000 epinephrine: normal saline) [79] to attain a blood-
less canal (if no systemic contraindications). Hypotensive an-
esthesia could be used in conjunction with the aforementioned
methods to diminish blood extravasation, which involves a
40% reduction of mean arterial BP (MAP of ≤50 mmHg)
[80, 81]. However, surgeons should be cautioned that decre-
ment in MAP may be detrimental if complicated by a sudden
drop of BP secondary to BCIS.

Cement Insertion and Pressurization

Surgeons are encouraged to notify the anesthesia team prior to
cement insertion. Necessary precautions to counter the

potential development of BCIS include increasing inhaled ox-
ygen concentration as well as establishing invasive monitor-
ing modalities in high-risk patients if not already implemented
[19••, 47, 50]. In addition, vasopressors should be readily
available to reverse potential sudden drops in BP, in addition
to aggressive volume resuscitative measures [19••, 47].

Cement preparation can be initiated simultaneously with
the final steps of femoral canal preparation. Proper cementa-
tion technique using modern (fourth-generation) cementation
principles are the cornerstone for improved construct longev-
ity [19••, 82] (Table 2). The powdered PMMA/co-polymer
and benzoyl peroxide accelerator are vacuum mixed with the
liquid combination of MMA monomer, N,N-dimethyl para-
toluidine/dimethyl para-toluidine accelerator and the hydro-
quinone stabilizer [48]. Vacuummixing decreases cement po-
rosity, mitigates cement lamination, and diminishes the for-
mation of air microbubbles that compromise cement integrity

Fig. 2 Sagittal and coronal
section of the proximal femur
with an outlined plane of the
femoral neck cut (dashed line)
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[19••, 82–84]. Furthermore, fume byproducts generated on
contact between the liquid MMAmonomer and the powdered
MMA–styrene co-polymer are considered an occupational
hazard and should not exceed 125 ppm in room air [47].
Mixing typically lasts for 1–1.5 min, followed by loading
the cement mixture into a long-nozzle cement gun [19••, 85].

Several factors may accelerate cement setting, including
higher temperatures, prolonged mixing, manual handling, and
excessive humidity [48]. Extrusion of a small amount of ce-
ment from the nozzle to assess for adequate consistency is
recommended prior to administration [19••, 48]. A combination
of reduced cement luster and a manually moldable non-sticky
cement sample are indicators of appropriate cement consistency
for canal filling. Cement injection at excessively low

consistency causes mixing with residual blood and fat marrow
components. On the other hand, delayed application with a
subsequently high cement consistency increases the risk of ce-
ment lamination, compromises pressurization, and mitigates
interdigitation at the cement–bone interface, in addition to po-
tentially impeding complete stem insertion [19••, 86].

The introduction of cement into the femoral canal is started
between 2 and 4 min from the start of mixing [86]. Cement
insertion is performed in a retrograde fashion from distal to
proximal, coupled with continuous suction proximally using a
small catheter, thereby obviating the risk of air or fluid trapping
within the cement substance as well as compartmentalizingmar-
row content residue which reduces BCIS risk [19••, 45, 47, 50].
Further cement interdigitation within the surrounding remnants
of the cancellous bone layer is achieved through cement pres-
surization [19••]. In addition, pressurized cement exerts counter-
pressure against bleeding into the cement–bone interface
(Fig. 6) [87]. The cement pressurizer is applied after full canal
cementation, combined, and continuous pressure is applied for
30 to 60 s. The use of a cement pressurizer necessitates vigilance
of the stage of cement hardening. Alternatively, finger pressur-
ization can be performed, which provides useful tactile feedback

Fig. 3 Box osteotome removing the proximal cortex in alignment with
the medullary canal’s trajectory

Fig. 4 Sequential broaching of the medullary canal followed by irrigation
and clearance of debris. Care should be taken to pull the broach laterally
after introduction to avoid varus positioning of the implant
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regarding cement consistency, yet at the expense of the attained
peak pressures [19••]. Regardless of the pressurization method,
extruded cement should not be reintroduced into the canal be-
cause of the potential for its contamination with integrity-
compromising fluid particles and air voids. Of note, new cement
can be added to replace the extruded volume if needed.
Excessive pressurization should be averted among patients with
severely osteoporotic bone, geriatric femoral neck fractures, or
cardiopulmonary compromise due to the associated risk of de-
veloping BCIS [19••, 47].

Femoral canal preparation and cement insertion have been
associated with the highest circulating levels of prothrombin
F1.2, thrombin–antithrombin complexes, fibrinopeptide A,
and D-dimer among the steps of hip arthroplasty [88]. The
prothrombotic action of these factors prompted several authors
to advocate for heparin administration either continuously or via
a single 1000–1500 U dose prior to canal preparation [88–91].
Indeed, several reports have established the safety of intraoper-
ative heparin with blood loss increments as low as 25 ml com-
pared to non-heparinized patients [91–93]. Furthermore, early

Fig. 5 Insertion of cement restrictor distally

Table 2 Principles of fourth-generation cementation techniques

Fourth-generation cementation techniques

Femoral canal preparation followed by pulsatile lavage

Canal packing with epinephrine-soaked swabs

Vacuum cement mixing

Retrograde cement introduction using a long-nozzle cement gun

Cement pressurization

Stem insertion with distal and proximal centralizers

Fig. 6 Retrograde insertion of bone cement into the medullary canal with
suboptimal penetration (left), followed by pressurization of the inserted
cement with improved cement penetration (right)
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studies [90, 94] outlined a significant reduction in the rates of
proximal femoral deep venous thrombosis with astounding dec-
rements in incidence from 9.1 to 1.7% (p < 0.02), as reported by
Huo et al. [90]. Later randomized controlled double-blinded trial
by Westrich et al. [89] outlined the similar rates of proximal
DVT development among heparinized and non-heparinized pa-
tients (p = 0.79) and concluded that single dose of intraoperative
heparin does not prevent their formation, but may be effective at
preventing ipsilateral femoral thrombi. Overall, they advocated
for combined approach of prophylaxis against thromboembolic
phenomena encompassing the use of postoperative aspirin or
anti-coagulants, pneumatic compression devices, and early mo-
bilization [89].

Femoral Stem Insertion

The use of a distal stem centralizer in conjunction with collar-
less taper-slip stems provides a more uniform cement mantle
around the femoral stem by ensuring a central position of the
distal tip within the femoral canal (Fig. 1) [19••, 48, 95]. In
addition, stem centralizers protect against distal cement man-
tle fractures through attenuating the formation of stress risers
around the stem tip [96]. Notably, while hollow stem central-
izers were found to be associated with greater stem subsidence
compared to their solid counterpart, a recent randomized con-
trolled trial by Weber et al. found no difference in revision or
radiographic loosening between both centralizer subtypes
over a 10-year follow-up period [96].

Much controversy surrounds the timing of femoral stem
insertion into the cement-filled canal. Advocates for stem in-
sertion into early-cure cement describe the risks associated
with delayed insertion, including bleeding into the cement–
bone interface and excessive cement hardening that hinders
full-depth insertion with a subsequently arduous reduction and
limb length discrepancy [19••]. Conversely, in vitro studies
outline the advantages of the additional pressurization exerted
through stem insertion into late-cure cement with subsequent-
ly improved interdigitation at the bone–cement interface [48,
97]. Furthermore, Hunt et al. compared in vivo femoral stem
pull-out force and radiographic cement interdigitation be-
tween polished femoral stem insertion into early- versus late-
cure cement mantles [98]. Pullout forces were significantly
higher within the late-cure cement group (908 N) compared
to the early-cure cement group (503 N; p = 0.049). However,
both groups demonstrated similar degrees of radiographic
cement–bone interdigitation. Furthermore, the choice of inser-
tion timing is influenced by the type of utilized femoral stem.
Taper-slip stems are more amenable to insertion into late-cure
cement owing to their polished surfaces with minimal shear
forces at the stem–cement interface [98, 99]. On the other
hand, composite-beam designs exhibit significant shear forces
at the stem–cement interface owing to their textured nature

and are therefore more acquiescent to early-cure insertion with
lower cement resistance [98, 99].

Preheating femoral stems has been described as a method
of mitigating cement porosity and increasing cement strength
at the stem–cement interface [100–102]. Baleani et al. [100]
compared the biomechanical properties of femoral stems
cemented into pseudo-femurs at variable temperatures (heated
to 45 °C vs. 23 °C) with air- versus vacuum-mixed cement.
The authors noted a significantly higher bending strength (p =
0.003) and bending modulus (p < 0.001) as well as lower
cement porosity (p < 0.001) within the preheated vacuum-
mixed constructs. Several studies have described similar out-
comes with preheating to a range of temperatures from 37 to
50 °C [100–105]. Although there are currently no studies
comparing clinical outcomes of preheated versus non-
preheated implants, reports describing the adverse impact high
stem–cement interface porosity on the debonding energy as
well as the interface resistance to torsion, cracks, and fatigue
failure may favor implant preheating [48, 106–108].

Femoral stem insertion is performedmanually with empha-
sis on preventing varus malalignment through ensuring appro-
priate trajectory, orienting one of the centralizer prongs paral-
lel to the lateral border of the stem, and exerting manual
counter-pressure on the medial calcar using the surgeon’s
thumb during stem advancement [19]. The latter aids in main-
taining pressure within the cement mantle as well [97].
Modification of stem alignment or rotation is absolutely
prohibited after full insertion to prevent compromising the
cement mantle integrity with introduced air and fluid voids.
Therefore, checking the stem orientation and trajectory should
be performed when two thirds of the stem has been inserted
and prior to full insertion of the component.

Joint Reduction

Ensuring full cement hardening prior to attempted reduction
should be guided by the duration from the initiation of cement
mixing (12–15 min) as well as examining a cement sample
from the same batch. However, surgeons should be cautioned
that manual handling of the cement sample in addition to heat
and humidity could introduce discordance between the curing
times of the intramedullary cement and the extracorporeal ce-
ment sample [48]. Extruded cement should be cleared from the
surgical field prior to joint reduction. Despite being extremely
rare, surgeons should be cautious of stem dislodgement during
reduction, especially in polished taper-slip stems [109].

Assessment of Postoperative Radiographs

While the value of routine postoperative radiographs during
the index surgical admission remains controversial, the major-
ity of providers obtain anteroposterior and frog-leg lateral ra-
diographs at least within 14 to 90 days postoperatively
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[110–112]. Such radiographs serve to detect possible compo-
nent malpositioning or fixation compromise in an attempt to
prevent mid- to long-term complications. Acceptable radio-
graphic parameters include a LLD < 1 cm, vertical and hori-
zontal centers of rotation equivalent to those of the contralat-
eral hip, acetabular inclination between 30 and 50°, acetabular
anteversion between 5 and 25°, femoral stem longitudinally
aligned with axis of the femoral shaft, and a cement mantle
thickness of 2–3 mm [111]. Early postoperative radiographic
parameters should be recorded for comparison purposes to
those obtained in upcoming follow-up [111, 113]. A mini-
mum of 1- and 2-year follow-up visits are recommended with
routine radiographs [114••]. In addition to the aforementioned
parameters, evaluation of femoral stem subsidence should be
emphasized. Acceptable subsidence for taper-slip models
should not exceed 5 mm nor progress beyond 2 years
[114••]. Evidence of either, especially in symptomatic pa-
tients, should be considered evidence of loosening.
Furthermore, cement mantle status could be assessed using
the Barrack classification [24] (Table 3). Of note, the
Barrack classification may be influenced by the extent of can-
cellous bone removal at reaming and broaching, which may
provide a false sense of cement integrity in cases with little to
no cancellous bone remnants.

Summary/Conclusion

Femoral stem cementation is a safe and viable alterna-
tive to cementless femoral stems and confers superior
longevity among certain populations with diminished
bone quality. Such process involves sufficient femoral
broaching with an appropriate trajectory, canal prepara-
tion with the aid of pulse lavage and epinephrine-soaked
sponges, vacuum cement mixing, use of cement
restrictor, retrograde cement insertion to achieve a ≥ 2-
mm cement mantle, cement pressurization, and careful

femoral stem insertion with the aid of a stem centraliz-
er. Intricate knowledge of implant properties, cement
setting time, and the utilization of the aforementioned
fourth-generation cementation techniques are essential
for attaining favorable results and mitigating revision
rates. Furthermore, adequate communication with the
anesthesia team, use of proper cementation techniques,
and vigilance of BCIS aid in mitigating intraoperative
systemic complications and mortality.
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