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Abstract

⮞ The primary means of femoral fixation in North America is cementless, and its use is increasing 

worldwide, despite registry data and recent studies showing a higher risk of periprosthetic fracture 

and early revision in elderly patients managed with such fixation than in those who have cemented 

femoral fixation.

⮞ Cemented femoral stems have excellent long-term outcomes and a continued role, particularly in 

elderly patients.

⮞ Contrary to historical concerns, recent studies have not shown an increased risk of death with 

cemented femoral fixation.

⮞ The choice of femoral fixation method should be determined by the patient’s age, comorbidities, 

and bone quality.

⮞ We recommend considering cemented femoral fixation in patients who are >70 years old 

(particularly women), in those with Dorr type-C bone or a history of osteoporosis or fragility 

fractures, or when intraoperative broach stability cannot be obtained.

Cementless femoral fixation, in both total hip arthroplasty (THA) and hemiarthroplasty, has 

increased dramatically in North America during the past 2 decades and continues to grow 

worldwide1. Despite the excellent long-term clinical outcomes of cemented femoral fixation, 

>94% of THAs in the 2020 American Joint Replacement Registry (AJRR) Annual Report 

were cementless2. This percentage contrasts dramatically with other international registries. 

This shift to cementless femoral fixation is multifactorial but began in the 1980s to address 

aseptic loosening inaccurately attributed to cement3. Initially pursued as biologic fixation 

that was more durable for younger, active patients, who had excellent results, and because of 

concerns about adverse intraoperative effects of cement, cementless fixation has become the 

choice of fixation in the U.S. The efficiency of cementless femoral fixation, requiring less 

operative time and fewer supplies, has added to its popularity4,5. Less exposure to cemented 
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techniques during training and thus decreasing staff comfort with the technique have also 

likely contributed to the further decline of cemented fixation.

Recent studies and data from multiple international registries have shown higher 

complication rates with cementless than with cemented femoral fixation, particularly in 

elderly patients and women6–9. Despite this finding, of the >500,000 primary elective THAs 

in the AJRR, 86% of patients who were 80 to 89 years old and 67% of patients who were 

≥90 years old received cementless stems2. Additionally, most hemiarthroplasties for femoral 

neck fractures in patients who were ≥90 years old were cementless.

The purposes of this article are to review cemented femoral stem designs and their 

outcomes, review indications for cemented fixation in hip arthroplasty, and highlight the 

scenarios in which cemented fixation is more appropriate than cementless. Additionally, we 

have provided pearls for the cemented technique.

Cemented Stem Designs and Principles of Fixation

It is important to understand the shapes and the principles of fixation for the various 

cemented femoral stem designs. There are 4 broad categories (Fig. 1)10. We focus on 

the 2 most utilized stem designs in North America: type I (polished tapered) and type 

II (composite beam)11. Type-III and type-IV stems demonstrate good long-term survival; 

however, they are used less frequently12,13.

Type I: Polished Taper

Type-I stems are known by various names including force-closed and polished taper. 

Fixation is obtained by controlled subsidence into the cement mantle, loading the cement 

in compression. They are collarless, highly polished, and made of stainless steel or cobalt-

chromium, with a dual or triple taper. These characteristics discourage bonding of cement to 

the prosthesis and allow subsidence of the stem. A flexible distal centralizer that collapses 

as the stem subsides prevents point loading of the cement by the stem tip. Radiostereometric 

analysis has consistently demonstrated distal migration of 1 to 2 mm in the first 2 years14. 

This subsidence causes plastic deformation of the cement mantle, loads the proximal part 

of the femur, and minimizes shear forces at the bone-cement interface15. Type-I stems have 

had excellent survival rates in Great Britain’s National Joint Registry (NJR), with survival 

of 97.9% at 8 years based on >200,000 implants16. In studies with aseptic loosening as 

the end point, survival rates have consistently been reported near 100%, with long-term 

(20-year) survival of 98.7%17,18. Similar results for patients who were <40 years old have 

been reported, with 17-year implant survival rates of 100% with aseptic loosening as the end 

point19.

Type II: Composite Beam

Type-II stems, also known as shape-closed or composite beam, differ fundamentally from 

type-I stems as they rely on cement bonding to the prosthesis. These are roughened or 

precoated with methylmethacrylate and may have grooves to enhance the cement bond. 

They are typically collared to prevent subsidence and to load the medial proximal aspect 

of the femur. The Charnley design, the original type-II stem, had a low average roughness 
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(Ra) of 0.1 mm, but subsequent designs have higher Ra values ranging from 0.6 to 0.75 

mm20. Multiple studies from the U.S. and Europe have described 25-year survivorship from 

85% to 96%21,22. On the basis of the success of the Charnley design, type-II stems enjoy 

widespread use. In a study of >47,000 modern-design, composite-beam stems in the NJR, 

the 8-year survival rate was 97.5%16. Long-term data have shown that Charnley stems have 

a survival rate of 78% at 35 years23.

Comparative Outcomes

Polished tapered and composite-beam stems have excellent clinical results with low revision 

rates. Few high-level studies have directly compared the 2 types, and most comparative 

data are from national joint registries. A recent report on 292,987 cemented stems in the 

NJR found that polished tapered designs had a significantly lower 8-year revision rate for 

aseptic loosening in primary THA (1.3%) than forced-closed designs (1.7%)16, which is 

consistent with previous studies24–27. A 2008 randomized controlled trial of 219 hips found 

no significant difference in revision rates between the 2 types at 5 years28. Failure modes 

seem to differ, with polished tapered stems failing more often because of fracture and 

composite-beam stems failing more often because of aseptic loosening16,28,29. Overall, both 

show excellent clinical outcomes, and implant survival is likely more related to technique 

than to any modern implant design difference.

Comparison of Outcomes of Cemented and Cementless Femoral Fixation

Total Hip Arthroplasty

Cemented and cementless stems in hip arthroplasty both have excellent long-term outcomes. 

A recent systematic review of 11 composite-beam stems, 1 polished tapered stem, and 1 

type-III cemented stem found a 20-year survivorship of 86% to 98%, with revision for 

aseptic loosening as the end point30. Similarly, Rajaratnam et al.31 reported a survival rate of 

97.4%, with revision for any reason as the end point, in 331 fully coated, cementless stems 

with a mean follow-up of 17 years. In a cohort of 330 primary cemented composite-beam 

stems with a minimum follow-up of 35 years, only 10% were revised for aseptic loosening, 

and overall survivorship was 78% with revision for any reason as an end point23. New 

Zealand Joint Registry data from 1999 to 2019 on >46,000 patients with an age of ≥65 years 

showed that early revision rates within 3 months were higher for cementless than for fully 

cemented THAs32. Using Australian Orthopaedic Association National Joint Replacement 

Registry data to compare the 3 best-performing cemented stems (2 polished tapered and 1 

composite-beam) and 3 best performing cementless stems (1 double-wedge, 1 tapered round, 

and 1 tapered rectangle) in THA among patients who were >75 years old, Tanzer et al.9 

showed that cementless stems were 9 times (95% confidence interval [CI], 5.5 to 15 times) 

as likely to be revised within the first month, which was mainly attributable to fracture or 

loosening. No difference was found in the cumulative percentage revision between 3 months 

and 13 years.

Higher early revision rates for cementless compared with cemented femoral stems are 

related to a greater risk of periprosthetic femoral fracture (PFF) and early implant loosening 

seen in elderly patients, most notably women9,11. The risk of early PFF within 3 months was 
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much higher with cementless fixation in an AJRR analysis of >10,000 revisions of THAs 

and hemiarthroplasties. Cementless femoral fixation accounted for 95% (596) of all 628 

early PFFs, whereas cemented accounted for only 5.1% (32 early PFFs). Women were 1.9 

times (95% CI, 1.1 to 3.1 times) as likely as men to undergo early revision8. An evaluation 

of >170,000 THAs, between 1992 and 2007, in the Swedish Hip Arthroplasty Register 

found that the rate of postoperative PFF leading to stem revision surgery within 2 years 

was 17% for cementless compared with 6% for fully cemented THA (relative risk [RR], 

8; 95% CI, 5 to 14). However, with an end point of revision of any component during the 

entire study period, the risk of revision related to aseptic loosening was lower for cementless 

stems than for cemented stems (RR, 0.4; 95% CI, 0.3 to 0.5)7. In nearly 67,000 THAs in 

the Norwegian Arthroplasty Register, between 2005 and 2017, PFF risk was much higher for 

cementless THA than for cemented THA (RR, 5.2; 95% CI, 3.2 to 8.5) and for women than 

for men (RR, 12; 95% CI, 6 to 25)33.

In a large case series of >36,000 THAs performed during a 40-year period, intraoperative 

fracture occurred in 3% (529) of 17,466 cementless stems and in only 0.23% (35) of 

15,178 cemented stems6. Of 564 intraoperative fractures, 94% (529) occurred in patients 

with cementless stems compared with 6.2% (35) in patients with cemented stems, a 14-fold 

higher rate6. The odds of having an intraoperative fracture were significantly greater for 

women than for men (odds ratio [OR], 1.4; 95% CI, 1.2 to 1.7), and patients who were >65 

years old had significantly greater odds of fracture than those who were ≤65 years old (OR, 

2.5; 95% CI, 2.1 to 3.0)6. A prospective cohort study34 of >8,000 THAs in patients older 

than 70 years using the Danish National Patient Register and the Danish Hip Arthroplasty 

Register from 2010 to 2017 found a higher prevalence of PFF after cementless THAs (1.5%; 

70 of 4,728 stems) than after fully cemented or hybrid THAs (0.2%; 7 of 3,368 stems)34. 

These findings are similar to those in other studies6,7,33.

In summary, cemented and cementless femoral fixation have shown excellent long-term 

outcomes. Primarily on the basis of registry data, cemented femoral fixation may be a better 

option for patients >70 years old, especially women, to reduce the risk of PPF and early 

revision. Cementless femoral fixation is more appropriate in younger, highly active patients 

with adequate bone stock35–37.

Hemiarthroplasty

Similar to the findings after THA, studies of hemiarthroplasty have shown a lower 

risk of PFF in hips with cement than in those managed without cement. A systematic 

review and meta-analysis of 7 randomized controlled trials of cemented versus cementless 

hemiarthroplasty in patients with a mean age of >75 years found lower intraoperative 

fracture (OR, 0.29; 95% CI, 0.13 of 0.68) and postoperative fracture odds (OR, 0.09; 95% 

CI, 0.02 of 0.38) with cemented stems34. In a meta-analysis of 6 randomized controlled 

trials with patients >65 years old who underwent hemiarthroplasty for femoral neck 

fractures, prosthesis-related complications were less likely for cemented stems (OR, 0.24; 

95% CI, 0.14 to 0.41)4. Moreover, in a recent retrospective cohort study38 of >12,000 

patients with an age of ≥65 years who underwent hemiarthroplasty for hip fracture, 

cementless fixation was found to be associated with a greater incidence of aseptic revision at 
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1 year compared with cemented fixation (cumulative incidence, 3.0% [239 of 6,042] versus 

1.3% [136 of 6,449]; hazard ratio [HR], 1.8; 95% CI, 1.4 to 2.2). This was primarily because 

of a greater rate of PFF in the cementless group (cumulative incidence at 1 year, 1.6% [95% 

CI, 1.3% to 1.9%]) compared with that in the cemented group (cumulative incidence at 1 

year, 0.2% [95% CI, 0.1% to 0.4%]). Compared with cemented fixation, cementless fixation 

was also associated with higher HRs of aseptic revision in all age groups (HR range, 1.2 to 

2.8)38. These results suggest that cemented hemiarthroplasty better protects against PFF and 

revision, particularly among older patients.

The available data suggest that hemiarthroplasty for displaced femoral neck fractures 

in the elderly should be performed with cemented femoral fixation. In 2014, the 

American Academy of Orthopaedic Surgeons issued a moderate-strength recommendation 

for using cemented femoral stems in patients who were >65 years old and undergoing 

hemiarthroplasty for femoral neck fractures39. Despite the recommendation, only 37.1% of 

patients who were 70 to 79 years old, 43.3% of those who were 80 to 89 years old, and 

49.2% of those ≥90 years old received cemented stems in hemiarthroplasty for femoral neck 

fractures2.

Cemented femoral fixation should be used in hemiarthroplasty for displaced femoral 

neck fractures in patients who are ≥65 years old, as cementless femoral fixation in 

hemiarthroplasty is associated with increased risk of intraoperative and postoperative PFF, as 

well as increased risk of aseptic loosening.

Bone Cement Implantation Syndrome and Death

Reports of cardiovascular collapse related to cementation were described in the 1970s 

and became known as bone cement implantation syndrome (BCIS)40,41. Parvizi et al.42 

demonstrated this increased risk with cementing in a review of 38,488 hip arthroplasties 

performed between 1969 and 1997. There were 23 intraoperative deaths associated with 

cardiorespiratory disruption during cementation, and none were seen in the 15,411 hips 

managed with uncemented hip arthroplasty. Microemboli from bone marrow were observed 

in the lungs of 11 of 13 patients who underwent autopsy, and methylmethacrylate particles 

were found in the lungs of 3 patients. Modifications of the technique and minimizing 

intramedullary pressure resulted in a >3.5-fold decrease in intraoperative mortality rate in 

the later years of the study42.

In a comprehensive review, Donaldson et al.43 proposed that BCIS is characterized by 

“hypoxia, hypotension or both and/or unexpected loss of consciousness occurring around 

the time of cementation, prosthesis insertion, reduction of the joint or, occasionally, 

tourniquet deflation in a patient undergoing cemented bone surgery.” They described 

3 grades of increasing severity (Table I)43. The most severe, grade III (cardiovascular 

collapse), is rare, occurring in 0.4% to 1.7% of patients having hemiarthroplasty for a 

femoral neck fracture43–45, but it can lead to intraoperative or early postoperative death46. 

The pathophysiology of BCIS is unknown but likely multifactorial, related to an embolic 

shower from pressurization and a histamine response to the cement monomer43. Much of 

our understanding comes from retrospective studies of hemiarthroplasty for femoral neck 

fractures and oncologic conditions47,48.

Khanuja et al. Page 5

J Bone Joint Surg Am. Author manuscript; available in PMC 2023 February 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Rassir et al.46 retrospectively studied BCIS in 915 patients with a mean age of 85 years 

who had cemented hemiarthroplasties from 2008 to 2019. They reported that grade-III 

BCIS occurred in 0.44% (4) of the 915 patients, none of whom survived despite immediate 

resuscitation attempts. Severe BCIS was associated with a greater likelihood of death within 

30 days postoperatively compared with less severe or no BCIS (HR, 3.5; 95% CI, 2.1 to 

5.8)46. In another retrospective cohort study of 1,095 patients (mean age, ≥82 years) who 

underwent hemiarthroplasty for femoral neck fracture from 2008 to 2011, those treated with 

cemented hemiarthroplasty had higher rates of hypotension and/or hypoxia (28%; 272 of 

986 patients) than those treated with cementless hemiarthroplasty (17%; 18 of 109 patients) 

(p = 0.003)44. They also reported a greater incidence of death within 48 hours after surgery 

in the cemented group (2%) than in the cementless group (0%) (p = 0.001). Moreover, the 

use of cement was independently associated with a higher hazard of death at 1 year (HR, 

1.9; 95% CI, 1.3 to 2.7) after adjusting for sex, age, and comorbidities44.

More severe BCIS has been associated with increasing patient age, particularly patients who 

are >75 years old and those with an American Society of Anesthesiologists (ASA) physical 

status classification of ≥3, renal impairment, chronic obstructive pulmonary disease, cancer 

and lung metastases, and use of diuretics or warfarin43,46,49. Identifying patients with 

severe systemic disease prior to surgery is essential and should involve a thorough medical 

evaluation to address comorbidities to the extent possible43,48,50,51. Severe BCIS, although 

rare, can be fatal. More high-level research is needed to better understand this topic and 

associated risks.

Mortality

THA

Recent studies have shown no difference in mortality rates between cemented and 

cementless femoral fixation in THA. Richardson et al.52 compared the mortality rates after 

hybrid (cemented femoral stem and cementless acetabular cups) and after cementless hip 

arthroplasty in nearly 6,000 patients with femoral neck fractures. They found a lower 

mortality rate during hospital stay in the hybrid group than in the cementless group (OR, 

0.70; 95% CI, 0.56 to 0.87). Additionally, they observed lower mortality rates in the 

hybrid fixation group at 1 month (OR, 0.56; 95% CI, 0.47 to 0.66), 3 months (OR, 0.56; 

95% CI, 0.48 to 0.64), and 1 year postoperatively (OR, 0.56; 95% CI, 0.50 to 0.63)52. 

Likewise, in a large, matched cohort study of nearly 180,000 patients in the Swedish Hip 

Arthroplasty Register who underwent THA for primary osteoarthritis between 1992 and 

2012, a supplementary analysis showed no significant difference in mortality rates up to 14 

days after hybrid compared with cementless THA53.

Hemiarthroplasty

Several randomized controlled trials found no differences in mortality rates from 30 days 

to 5 years after cemented and cementless hemiarthroplasty54–56. A single-center study 

of 657 patients who were ≥65 years old with ASA physical status classification of ≥3 

who underwent hemiarthroplasty for femoral neck fracture between 2010 and 2016 found 

no differences with respect to all-cause mortality, infection, or reoperation between the 
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patients managed with cemented stems and those managed with cementless stems at 1 year 

postoperatively57. In a recent study of >30,000 patients from the Norwegian Hip Fracture 

Register who were ≥70 years old and underwent hemiarthroplasty from 2005 to 2017, no 

differences in mortality rates at 1 year were found between the cemented and cementless 

hemiarthroplasty groups58. Moreover, a study38 of >12,000 patients with an age of >65 

years who underwent hemiarthroplasty for femoral neck fracture at a large U.S. integrated 

health-care system between 2009 and 2017 found no differences according to cementation 

status in in-hospital or overall mortality rates at 1 year postoperatively.

Cemented femoral fixation is not associated with an increased risk of death and can 

be protective against PFF in elderly patients. Cemented femoral fixation should be used 

cautiously in patients with severe systemic disease, including cardiopulmonary disease and 

cancer and lung metastases48.

Technical Principles and Pearls

Goal of Cementation

Technique is critical to safely implanting cemented femoral stems and ensuring longevity of 

the construct. Although the principles of fixation differ between type-I and type-II cemented 

stems, the goals of cementation and technique are the same: to obtain a uniform cement 

mantle of 2 to 4 mm with sufficient interdigitation of the cement with the cancellous 

bone. These characteristics have been associated with longer implant survivorship59–61. The 

quality of the cement mantle is graded on orthogonal postoperative radiographs. The grading 

system of A through D described by Barrack et al.62 is the most widely used (Table II).

Modern Cementing Techniques, Fourth Generation

Since Charnley first described the use polymethylmethacrylate in hip replacement63, the 

technique has continuously evolved to optimize the cement mantle and the longevity of the 

construct (Table III).

The key aspects of the current, or fourth generation, technique include osseous debris 

removal with a brush, pulsatile irrigation of the osseous bed, use of a distal cement restrictor, 

vacuum-mixed cement, retrograde introduction of cement, and cement pressurization. These 

techniques are approach-independent and can be readily adopted by all surgeons. Although 

not entirely avoidable, BCIS can be limited by patient selection, appropriate technique, close 

management together with the anesthesia team, and other measures outlined in Table IV.

The first step to an ideal cement mantle begins with preparation of the femur (Fig. 2). A 

canal seeker is used to identify a starting point for entry into the femoral canal. Removal of 

the remaining lateral femoral neck with a rongeur or box osteotome helps to prevent varus 

positioning. Broaching proceeds sequentially until loose cancellous bone has been removed 

and the broach is both axially and rotationally stable. With proper broaching, 2 to 4 mm 

of supportive cancellous bone will be compacted adjacent to the cortical bone. Care during 

femoral preparation must be taken to avoid removal of this supportive cancellous bone with 

curets or the suction tip because it is necessary for proper cement interdigitation.
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After broaching, a canal brush can be used to remove loose pieces. The prepared bed of bone 

is irrigated extensively with pulsatile lavage to remove remaining bone marrow and blood. 

A distal cement restrictor is sized and placed, allowing at least a 1-cm distal cement mantle. 

The canal is irrigated again with pulsatile lavage. At this point, the cancellous bed should 

be clean and free of any visible bone marrow contents. A narrow suction catheter is placed 

in the canal. The canal is then packed tightly with damp gauze that has been soaked in a 

hemostatic solution of the surgeon’s choice (Fig. 3). Cement is mixed under vacuum at room 

temperature according to manufacturer recommendations. We prefer a high-viscosity cement 

for better penetration and pressurization and a longer working time.

The cement is ready for application when it has reached the working phase (i.e., it no longer 

adheres to the surgeon’s glove). The gauze is removed from the canal while the suction 

catheter remains in place to remove any blood that may pool on the cement restrictor. The 

catheter is removed, and the cement is introduced in a retrograde fashion with a cement gun. 

One of the senior authors prefers to leave the catheter while cementing to vent the canal and 

avoid further blood pooling and to remove it after cementing while placing pressure over the 

cement column with a clean thumb or gauze. The cement is then pressured. Care is taken 

to hold prolonged pressure against the cement to enable interdigitation into the cancellous 

bone. If properly pressured, bone marrow should be seen extravasating out of the cortical 

bone of the proximal part of the femur. Any remaining blood on the proximal cement is 

removed (Fig. 4).

After pressurization, the femoral prosthesis is introduced with care to position it centrally in 

the coronal and sagittal planes. A thumb is placed over the calcar to help to prevent varus 

positioning and to further pressurize the cement as the stem is introduced. The final position 

should match that determined during the trialing process. Care must be taken to avoid any 

motion of the leg or pressure on the trunnion by retractors so that the stem does not move in 

the cement as it cures (Fig. 5). A summary of these steps is outlined in Table V.

Overview

Evidence supports the use of cemented femoral fixation in patients who are >70 years 

old, especially women, and patients with osteoporosis, because of the lower rates of 

PFF and revision surgery in these patients compared with those who undergo cementless 

fixation8,33,64. Compared with those undergoing cementless fixation, patients undergoing 

cemented femoral fixation for femoral neck fracture have a lower risk of PFF, reoperation, 

and aseptic revision4,38,58.

We recommend that cemented femoral fixation be considered in the following scenarios: 

patients who are >70 years old (particularly women), those with a history of osteoporosis 

or fragility fracture, those with Dorr type-C bone (Table VI)33,64, displaced femoral neck 

fragility fractures, or when intraoperative broach stability cannot be obtained in attempting 

cementless fixation (Table VII). With careful fourth-generation cementation technique and 

appropriate perioperative management, cemented femoral stems provide excellent outcomes 

and minimize complications in these patients.
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Fig. 1. 
Illustration showing the classification of cemented femoral stem designs. A revision stem 

for each type can be subclassified into the short (Rs) or long version (Rl,) (e.g., Type 

1Rs). (Reproduced from: Cassar-Gheiti AJ, McColgan R, Kelly M, Cassar-Gheiti TM, 

Kenny P, Murphy CG. Current concepts and outcomes in cemented femoral stem design 

and cementation techniques: the argument for a new classification system. EFORT Open 

Rev. 2020;5[4]:241–52. Copyright © 2020 The authors. https://www.ncbi.nlm.nih.gov/pmc/

articles/PMC7202038/ This is an open access article under the CC BY-NC 4.0 license 

[http://creativecommons.org/licenses/by-nc-nd/4.0/].)
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Fig. 2. 
Figs. 2-A, 2-B, and 2-C Intraoperative photographs of a hip arthroplasty showing how to 

establish appropriate entry into the femoral canal without perforation. Fig. 2-A A rongeur is 

used to remove the lateral femoral neck. The medial femoral neck is denoted by the arrow. 

Fig. 2-B A rongeur is used to initially enter the femoral neck. Fig. 2-C A canal seeker is 

used to enter the femoral canal.
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Fig. 3. 
Figs. 3-A through 3-D Intraoperative photographs showing femoral canal cement 

preparation for a hip arthroplasty. Fig. 3-A A canal brush (asterisk) is used to clean the 

canal of debris. Fig. 3-B A flexible suction catheter (star) is advanced distally in the canal to 

remove blood. Fig. 3-C Gauze soaked with halfstrength hydrogen peroxide are packed into 

the canal distally to proximally. Fig. 3-D Sponges packed within the canal.
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Fig. 4. 
Figs. 4-A through 4-F Intraoperative photographs of femoral canal cementation. Fig. 4-A 
The packed sponge is removed. Fig. 4-B The canal suction catheter remains in place. Fig. 
4-C The cement is introduced in a retrograde fashion with a cement gun (asterisk), allowing 

the pressure of the cement to push it out the nozzle. Note that the endosteal canal is devoid 

of blood. Fig. 4-D Pressure is held over the cement column (arrow) while removing the 

catheter. Fig. 4-E Cement is pressurized with the gun. Fig. 4-F The cement within the canal 

after pressurization. Again, note the attempts to avoid any blood mixing with cement.
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Fig. 5. 
Figs. 5-A, 5-B, and 5-C Intraoperative photographs of femoral stem insertion. Fig. 5-A The 

femoral prosthesis is introduced centrally in the cement mantle. Fig. 5-B A thumb is placed 

over the calcar to help to prevent varus positioning and to further pressurize the cement as 

the stem is introduced. Fig. 5-C The final cemented construct. Note that the version matches 

that desired, as noted by the asterisk medially.
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TABLE I

Grades of Bone Cement Implant Syndrome43*

Grade Characteristic

I Moderate hypoxia (SpO2 of <94%) ora decrease (20%–40%) in systolic blood pressure

II Severe hypoxia (SpO2 of <88%) or a decrease (>40%) in systolic blood pressure

III Cardiovascular collapse requiring cardiopulmonary resuscitation

*
SpO2 = oxygen saturation.
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TABLE II

Grading System of the Quality of Femoral Stem Cementation According to Barrack et al.62

Grade Cementation

A Uniform cement mantle without any stem-bone contact and excellent interdigitation of cement, which results in a “white out”

B Radiolucency at the cement-bone interface, covering <50% of the implant

C 50% to 99% radiolucency at the cement-bone interface

D 100% radiolucency at the cement-bone interface and absence of cement distal to the tip of the stem
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TABLE III

Summary of Prior Cementing Techniques

Generation Description

First21,23,63 Originated in the 1960s
No osseous preparation, such as washing

Cement inserted in antegrade fashion using finger packing, which led to inadequate penetration of cement into cancellous bone, 
inclusion of blood in cement, and poor cement mantle

Second62,65 Canal preparation through cleaning to remove blood and fat Cement restrictor
Cement inserted using gun in retrograde fashion

Improved penetration into bone resulted in decreased risk of femoral component loosening

Third66 Added the use of vacuum mixing to reduce porosity of cement Also focused on maintaining pressurization before and during 
insertion of femoral prosthesis

Fourth Femoral canal preparation using a brush, followed by pulsatile lavage Canal packing with gauze soaked in hemostatic solution
Vacuum cement mixing

Retrograde cement introduction using long-nozzle cement gun, use of distal cement restrictor
Maintaining cement pressurization
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TABLE IV

Intraoperative Steps to Avoid Bone Cement Implantation Syndrome

Notify anesthesia team of the plan to use cement and again at time of cementation

Use invasive monitoringjudiciously in at-risk patients

Communicate with anesthesia team regarding blood loss, volume status, and blood pressure

Ensure adequate volume maintenance before and during cementation

Prepare for use of vasopressors

Avoid cementation in patients already on vasopressors

Thoroughly irrigate the femoral canal before instrumentation

Place cement later in curing phase (minimizes monomer exposure)

Avoid overpressurizing of the cement in susceptible patients
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TABLE V

Steps for Femoral Preparation and Cemented Stem Insertion*

Step Description

Anesthetic 
considerations

Notify the anesthesia team approximately 20 minutes before cementing to allow for FiO2 increase and fluid resuscitation 
and to make vasopressors available

Femoral 
preparation

Large rongeur used to remove medullary contents from lateral femoral neck
Curved canal finder rasp used to enter femoral canal

Flexible reamer used to sound femoral canal
Broach with increasingly sized femoral broaches to templated and/or appropriate size

Trial reduction to confirm appropriately sized/positioned implants
Irrigate and suction femoral canal

Place cement restrictor
Place whistle-tip suction catheter in base of femoral canal; pack ribbon gauze into canal

Place gauze in acetabulum

Cementing and 
pressurization

Cement is ready to be inserted when it can be easily molded in surgeon’s hand without adhering to the glove
Remove ribbon gauze; keep suction catheter in place

Fill canal in retrograde fashion with cement gun with long nozzle
Use finger to hold pressure over cement and remove suction catheter

Remove long cement nozzle and place foam nozzle on cement gun and replace over canal
Apply firm pulses of pressure for 30–60 seconds and observe for fat and marrow contents

extruding from cortex

Stem insertion Insert stem by hand with long hand attachment, with thumb holding pressure over medial calcar
Advance stem to two-thirds of its length into canal and remove excess cement; check position

Advance stem to final depth and remove excess cement; do not alter final position while cement cures

*
FiO2 = fraction of inspired oxygen.
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TABLE VI

Dorr Classification of Femoral Bone67

Type Characteristics

A Thick, distinct cortices on anteroposterior and lateral radiographs, “champagne flute” appearance, and cortical thickness index* of <0.5

B Indicates bone loss from medial and posterior cortices, wider diaphyseal canal, thinning of posterior cortex on lateral radiographs, and 
cortical thickness index of 0.5 to 0.75

C Substantial loss of medial and posterior cortices, “stovepipe” appearance, thinning of cortices on both anteroposterior and lateral 
radiographs, and cortical thickness index of >0.75

*
Cortical thickness index is the ratio of the difference between the diaphyseal diameter and canal diameter, divided by the diaphyseal diameter, 10 

cm distal to the midportion of the lesser trochanter.
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TABLE VII

Grades of Recommendation for the Use of Cemented Femoral Stem Fixation in Hip Arthroplasty

Grade* Recommendation

B Elderly patients who are >70 years old, especially women

B Patients with poor bone stock, thin femoral cortices, and wide medullary canals (Dorr type C)

B History of osteoporosis or fragility fracture

B Displaced femoral neck fracture (except in young patients with fractures related to high-energy mechanisms)

I When intraoperative broach stability cannot be obtained in attempting cementless fixation

*
According to Wright68, grade A indicates good evidence (level-I studies with consistent findings) for or against recommending intervention; 

grade B indicates fair evidence (level-II or III studies with consistent findings) for or against recommending intervention; grade C indicates 
poor-quality evidence (level-IV or V studies with consistent findings) for or against recommending intervention; and grade I indicates insufficient 
or conflicting evidence precluding a recommendation for or against intervention.
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