Kim et al. Journal of Orthopaedic Surgery and Research (2020) 15:393 .
https://doi.org/10.1186/s13018-020-01921-1 Journal of Orthopaedic

Surgery and Research

RESEARCH ARTICLE Open Access

Check for

Modified hybrid cementing technique

reduces stem tip pain and improves
patient’s satisfaction after revision total

knee arthroplasty

Man Soo Kim', In Jun Koh?®, Sueen Sohn®, Hyung Chul Park' and Yong In"*"

Abstract

Background: There have been no studies comparing patient-reported outcome measures including end-of-stem
tip pain and patient satisfaction based on the use of cementing techniques in revision total knee arthroplasty (TKA).
The purpose of this study was to compare end-of-stem tip pain and PROMs with hybrid and modified hybrid
cementing techniques in revision TKAs.

Method: Sixty-two cases of revision TKA performed by a single surgeon were divided into two groups based on
the cementing technique with a minimum follow-up of 2 years. Two types of cementing technique for femoral and
tibial stems were used as follows: (1) a hybrid cementing technique (33 cases), in which cement was applied
immediately distal to the modular junction of the stem and the component while the distal stem was press-fitted
into the diaphysis without using cement; and (2) a modified hybrid cementing technique (29 cases), in which
cement was applied to the tip of femoral and tibial stems. The thigh and shin were assessed for the end-of-stem
tip pain. Patient satisfaction was evaluated based on the satisfaction items of New Knee Society Score.

Results: Modified hybrid cementing significantly lowered the percentage of patients manifesting shin pain (3.4% vs.
24.2%, p = 0.029). Patients treated with the modified hybrid cementing technique showed a higher satisfaction rate
(p = 0.003). Multivariate logistic regression analysis showed an increase in the odds of satisfaction 32.686-fold (p =
0.004) in patients without pain at the end-of-stem tip in the shin and 9.261-fold (p = 0.027) in patients treated with
the modified hybrid cementing technique.

Conclusion: The modified hybrid cementing technique for fixation of long-stem in revision TKAs reduced the end-
of-stem tip pain in the shin, leading to significantly higher satisfaction compared with the hybrid cementing
technique after revision TKA.

Level of evidence: Level IlI
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Background

Revision total knee arthroplasty (TKA) is more difficult
than primary TKA due to severe bone defects and insuf-
ficient soft tissue [1, 2]. Stem use is necessary in most
revision TKAs to facilitate load transmission from ar-
ticular and metaphyseal bone to the tibial cortex and
distribute the increased joint stress [3]. Multiple options
are available for stem length and cementation techniques
[3, 4]. Metaphyseal fixation utilizes a short stem and di-
aphyseal fixation uses a long stem [5]. Diaphyseal fix-
ation with a long stem is preferred in most cases
because of improved joint stability following increase in
stem length and width [3]. The traditional cementing
techniques for stem fixation include total and hybrid
cementing strategies [4, 6, 7]. In the hybrid cementing
technique, cement is applied to the interface between
the metaphyseal component and the stem. In the total
cement technique, cement is applied to the whole stem
in addition to the component [4, 6, 7]. Both methods are
associated with their own advantages and disadvantages
[4, 6, 7]. Since the total cementing technique is difficult
to remove, the hybrid cementing technique is generally
preferred for revision TKAs except for a few cases that
require total cementation [4]. However, diaphyseal fix-
ation with a long stem is associated with pain at the
end-of-stem tip, which might be related to patient dis-
satisfaction after revision TKA [8, 9]. We have encoun-
tered end-of-stem tip pain when using the hybrid
cementing technique with long stem for diaphyseal fix-
ation. To address this limitation, we designed a modified
hybrid cementing technique for additional cementation
at the stem tip.

To the best of our knowledge, there have been no
studies comparing PROMs (patient-reported outcome
measures) including end-of-stem tip pain and patient
satisfaction based on the use of cementing techniques in
revision TKAs. The purpose of this study was to com-
pare end-of-stem tip pain and PROMs with hybrid and
modified hybrid cementing techniques in revision TKAs.
Our hypothesis was that patients treated with the modi-
fied hybrid cementing exhibited a lower incidence of
end-of-stem tip pain and higher satisfaction after revi-
sion TKA compared with patients treated with the hy-
brid cementing technique.

Patients and methods

Clinical and radiological data including patients’ charts
and radiographs obtained between March 2012 and De-
cember 2016 were retrospectively reviewed. All patients
who underwent revision TKA were included in this re-
view. A total of 81 consecutive revision TKAs using the
same Vanguard 360 revision knee system (Zimmer Bio-
met, Warsaw, IN, USA) with diaphyseal stem fixation
were performed by the senior surgeon at a single
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institution. We used two types of cementing techniques
for femoral and tibial stems. Between March 2012 and
March 2015, 41 revision TKAs were performed using
the hybrid cementing technique, in which cement was
applied around the implant immediately distal to the
modular junction of the stem and the component while
the distal stem was pressed to fit into the diaphysis with-
out cement [6] (Fig. 1). Starting in April 2015, 40 revi-
sion TKAs were performed using a modified hybrid
cementing approach, in which the cement was not only
applied to the component and modular junction, but
also to the tip of the femoral and tibial stem (Fig. 1).
The intramedullary canal was prepared by sequential
reaming to the appropriate length and diameter to ac-
commodate the press-fit stem. Finally, a stem with a
diameter of 1 mm thinner than the press-fit stem size
was chosen for stem tip cementing. A finger technique
was used for cementation, including the stem tip. Ce-
ment was also packed along the prepared bone surfaces.
Patients requiring revision TKA only in the femur or
tibia and those who were not followed-up 2 years after
operation were excluded. In addition, patients who
underwent septic revision TKAs, known to be less satis-
factory than aseptic revision TKAs [10], were excluded
to avoid confounding factors. Two cases undergoing hy-
brid cementing and one case exposed to modified hybrid
cementing were lost to follow-up. The revision of fem-
oral component alone involved a single case in the hy-
brid cementing group and 2 cases in the modified hybrid
group. Thirteen cases (5 in the hybrid group and 8 in
the modified hybrid group) underwent two-stage revi-
sions with antibiotic cement spacer for deep peripros-
thetic joint infection. Therefore, 62 knees were included
in the final analysis, including 33 using the hybrid
cementing technique and 29 exposed to the modified
hybrid cementing technique. This study was approved
by the Institutional Review Board (IRB) of our hospital.
The following valuables were compared between the
two groups: age, gender, body mass index (BMI), the
American Society of Anesthesiologists (ASA) grade, and
comorbidities including hypertension, diabetes, cardiac
disease (previous myocardial infarction, congestive heart
failure, angina pectoris, arrhythmia, and cardiac valvular
disease), cerebrovascular event, thyroid, kidney, liver dis-
ease, and pulmonary disease (asthma and chronic ob-
structive pulmonary disease). The factors inducing
revision TKAs were categorized except for septic cause:
aseptic loosening, component malposition, stiffness, and
instability. Polyethylene wear was included in aseptic
loosening [11]. Prosthesis type, the use of stem or aug-
ments, the cementing technique used for femoral and
tibial component, and range of motion (ROM) were re-
corded. The prosthesis type was classified into a poster-
ior stabilized (PS) or varus-valgus constrained (VVC)
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of femoral and tibial stems (c, d)

Fig. 1 Two types of cementing technique for femoral and tibial stem fixation. With the hybrid technique, the cement was applied around the
implant immediately distal to the modular junction of the stem and the component while the distal stem was press-fitted into the diaphysis
without cement (a, b). With the modified hybrid cementing technique, in addition to the hybrid technique, the cement was also used at the tip

system. The use of stem or augment was evaluated on
femoral and tibial sides. Postoperative radiographic vari-
ables evaluated include alignment, the level of joint line,
posterior condylar offset (PCO), and Insall-Salvati ratio
for patella height. The joint line was measured from the
distal part of the lateral femoral condyle to the top of
the fibular head apex as described by Figgie et al. [12].
Patella height was assessed according to the Insall-
Salvati ratio, the ratio between patellar tendon length
and patella length. Patella baja was considered when an
Insall-Salvati ratio was < 0.80 while patella alta was con-
sidered when the ratio was greater than 1.20 [13]. PCO
was measured as the thickness of posterior condyle pro-
jecting posteriorly to the tangent of the posterior cortex
of the femoral shaft as described by Bellemans et al.
[14]. The thigh and shin were assessed for the end-of-
stem tip pain [8]. The location of the pain was con-
firmed by the patient marking the legs directly [8].
PROMs were evaluated by an independent investigator
based on the Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) score [15] and pa-
tient satisfaction. Patients’ satisfaction was evaluated
using patient satisfaction items of New Knee Society
Score [16], a newly developed and validated self-
reported inventory for evaluating patient satisfaction. It
consisted of a 5-item (sitting, lying, getting out of bed,
light household duty, and leisure recreation) question-
naire. Each item was graded on a 5-point Likert scale
ranging from O to 8 points (8 = very satisfied, 6 = satis-
fied, 4 = neutral, 2 = dissatisfied, and 0 = very dissatis-
fied). The satisfaction score of the new KSS ranged from
0 to 40, with 0 representing the worst score and 40 the

best score. A score of 20 of 40 points was considered
neutral. Therefore, patients were categorized into satis-
fied and dissatisfied groups based on 20 points of satis-
faction score using the New Knee Society Score [16].

Statistical methods

Data were compared between patient groups exposed to
the hybrid and the modified hybrid cementing tech-
niques. Linear variables were analyzed using
Kolmogorov-Wilcoxon test for nonparametric date while
dichotomous variables were analyzed using chi-square
test or Fisher’s exact test where appropriate for two in-
dependent samples. Descriptive analyses were based on
frequencies and percentages for dichotomous variables,
and the mean and standard deviation for linear variables.
Multivariable logistic regression analysis was used to as-
sess the independent effects of predictors by adding
backward substitution factors identified as significant in
univariate analysis (p value < 0.1). Odds ratios were re-
ported for significant variables. All statistical analyses
were performed using SPSS ver. 21.0 program (SPSS
Inc., Chicago, IL, USA). A p value < 0.05 was considered
statistically significant.

Results
No significant difference was detected in patient or sur-
gical factors between the two groups (Table 1). Pre-
operatively, there was no significant difference in
WOMAC subscores between the two groups (Table 2).
Postoperatively, at 2 years, the modified hybrid cement
group included a lower percentage of patients with shin
pain (3.4% vs. 24.2%, p = 0.029) than the group of
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Table 1 Patient demographics involving the hybrid and modified hybrid cementing techniques
Hybrid (n = 33) Modified hybrid (n = 29) P value
Age (years) 67.9 (104) 69.9 (8.7) 0429
Gender (female, %) 30 (90.9%) 28 (96.6%) 0616
BMI (kg/m?) 254 (3.6) 266 (37) 0.193
ASA grade
1 1 (3.0%) 1 (34%) 0.153
2 28 (84.8%) 28 (96.6%)
3 4 (12.1%) 0 (0%)
Specific comorbidities
Hypertension 23 (69.7%) 16 (57.1%) 0423
Diabetes 5 (15.2%) 6 (20.7%) 0.741
Cardiac disease 8 (24.2%) 3 (10.3%) 0.194
Cerebrovascular event 2 (6.1%) 0 (0%) 0494
Thyroid disease 4 (12.1%) 0 (0%) 0.116
Kidney disease 2 (6.1%) 0 (0%) 0494
Pulmonary disease 3 (9.1%) 6 (20.7%) 0.283
Liver disease 1 (3.0%) 1 (3.4%) 0.926
Tourniquete time (min) 96.3 (14.6) 91.0 (18.9) 0219
Joint line 170 (6.8) 19.1 (8.0) 0.265
Posterior condylar offset 277 (4.8) 283 (3.9) 0.646
Insall-Salvati ratio 1.0 (0.3) 1.0 (0.3) 0.862
Preop HKA angle Varus 8.1 (9.3) Varus 8.2 (8.2) 0.945
Postop HKA angle Varus 3.6 (4.2) Varus 3.9 (3.1) 0.779
Preop flexion contracture (FCf) 24 (8.0) 73(127) 0.078
Preop further flexion (FF) 113.1 (23.6) 103.2 (28.3) 0.150
Postop flexion contracture (FC) 0.8 (2.3) 09 (3.1) 0.921
Postop further flexion (FF) 112.8 (23.8) 108.1 (22.2) 0445
Reason of revision 0287
Aseptic cause
Loosening 27 (81.8%) 28 (96.6%)
Malposition 3(9.1%) 1 (34%)
Stiffness 1 (3.0%) 0 (0%)
Instability 2 (6.1%) 0 (0%)
Prosthesis type 0.609
PS 13 (39.4%) 14 (48.3%)
WC 20 (60.6%) 15 (51.7%)
Femoral augment (yes, %) 16 (48.5%) 18 (62.1%) 0317
Tibial augment (yes, %) 20 (60.6%) 20 (69.0%) 0.379

BMI body mass index, ASA American Society of Anesthesiologists, HKA hip-knee-ankle angle, PS posterior-stablized, VVC valgus-varus-constrained

The values are presented as the mean and standard deviation

patients exposed to hybrid cementing technique. The
modified hybrid group also carried a lower proportion of
patients with thigh pain without any statistical signifi-
cance (3.4% vs. 15.2%, p = 0.201). The modified hybrid
group showed significantly better subscores for pain and
function and total WOMAC scores at 2 years

postoperatively compared with the group treated with
the hybrid cementing technique (all p < 0.05) (Table 2).
Overall satisfaction showed that 75.8% (n = 47) of pa-
tients were satisfied with revision TKAs while 24.2% (n
= 15) claimed that they were dissatisfied. No significant
association was found between femur and tibia
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Table 2 Preoperative and postoperative clinical scores
Preoperative Postoperative (2 years)
Hybrid (n = 33) Modified hybrid (n = 29) P value Hybrid (n = 33) Modified hybrid (n = 29) P value
Total WOMACt 64.6 (16.4) 64.7 (13.7) 0.985 210 (11.0) 124 (6.7) 0.007
Pain 123 (3.0) 133 (3.0 0.244 3933.1) 1.9 (1.8) 0.027
Stiffness 43 (2.5) 3722 0.349 13(13) 1.1 (0.8) 0571
Function 479 (12.5) 476 (11.0) 0933 164 (84) 94 (5.1) 0.005

The values are presented as the mean and standard deviation
TWestern Ontario and McMaster Universities (WOMAC) score

augmentation based on augments, and the thigh or shin
pain (all p > 0.05). Patients treated with modified hybrid
cementing showed higher rates of satisfaction compared
with patients treated with hybrid cementing strategies
(93.1% vs. 60.6%, p = 0.003). The modified hybrid ap-
proach resulted in significantly superior scores of total
satisfaction (30.7 vs. 23.3, p = 0.002) (Table 3).

Multivariate logistic regression analysis showed that
the odds of satisfaction after revision TKAs increased
32.686-fold (p = 0.004) in patients without end-of-stem
tip pain in the shin, and 9.261-fold (p = 0.027) in pa-
tients treated with the modified hybrid cementing tech-
nique (Table 4).

Three cases of wound dehiscence were observed along
with one case of superficial wound infection involving
the surgical site. None of the cases showed deep peri-
prosthetic infection during postoperative follow-up.

Discussion

The most important finding of this study was that the
modified hybrid cementing technique significantly re-
duced the end-of-stem tip pain in the shin and enhanced
patient satisfaction compared with the hybrid cementing
technique.

The use of intramedullary stem for fixation stability
and proper alignment in revision TKA is widely accepted
among orthopedic surgeons, although the stem fixation
approach is still disputed [6, 7]. Augmentation and stem
extension are needed for severe bone defects. A short
stem (metaphyseal fixation) is usually used with full

cement. However, it is unreasonable to use a short stem
in the case of severe non-contained bone defects. Thus,
a long stem is needed for diaphyseal fixation [4]. The
two methods for long stem fixation include cemented
and cementless techniques. Cementless stem fixation is
part of the hybrid cementing technique [6, 7]. Although
studies do not reveal any significant differences in stabil-
ity or durability between the two methods, the methods
have advantages and disadvantages [7]. The full cemen-
tation technique provides excellent immediate fixation,
increased flexibility in implant placement, reduced
micromotion, and facilitates antibiotic delivery in cases
of infection [17-19]. In addition, the cemented stem
provides better load transfer to the diaphysis compared
with cementless press-fit stems [20]. Finite analysis of
the femoral side suggests that the cemented stem re-
duces load up to 58% whereas the cementless press-fit
stems reduce it only to 18%. On the tibial side, the
amount of load transfer distally with cemented stems are
much better (24%) than in cementless press-fit (6%)
[20]. Despite these advantages, the cemented stems are
difficult to remove during an infection [18]. Therefore,
we devised a novel cementing technique known as the
modified hybrid cementing technique, with all the ad-
vantages associated with both types of cementing.

In this study, the end-of-stem tip pain in the shin was
a factor significantly related to patient dissatisfaction
after revision TKAs. Although the cause of end-of-stem
tip pain after revision TKA is not proven, the following
factors have been implicated: micromotion at the bone-

Table 3 Comparisons of the end-of-stem tip pain and satisfaction scores based on the cementing technique

Hybrid (n = 33) Modified Hybrid (n = 29) P value

Satisfaction (yes, %) 20 (60.6%) 27 (93.1%) 0.003
Satisfaction score

Sitting 48 (23) 6.3 (1.8) 0.006
Lying 52(18) 6.3 (1.8) 0.016
Getting out of bed 45 (24) 64 (17) 0.001
Light house hold duty 44 (23) 6.0 (14) 0.002
Leisure recreation 44 (2.1) 56 (1.5) 0.012
Total 233 (10.0) 30.7 (7.5) 0.002

The values are presented as the mean and standard deviation
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Table 4 Results of multivariate analysis of risk factors predicting satisfaction after revision total knee arthroplasty
Odds ratio 95% Cl P value Adjust 95% Cl P value
odds ratio®
End-of-tip pain (Shin) < 0.001 0.004
No Reference Reference
Yes 52.571 5.677-486.830 32.686 2.969-359.874
Cementing 0.008 0.027
Modified hybrid Reference Reference
Hybrid 8.775 1.777-43.335 9.261 1.283-66.861

TAdjusted for age, gender, body mass index, ASA score, and specific comorbidities (hypertension, diabetes, cardiac disease, cerebrovascular event, thyroid disease,

kidney disease, lung disease, liver disease)

prosthesis interface, excessive stress transfer to the sur-
rounding bone because of large differences in Young’s
modulus of elasticity between the stem tip and the bone
at the point of contact, and stress shielding leading to
bone resorption of the tibial tray resulting in movement
to the stem tip [21-24]. Barrack et al. [8] have reported
that patients with pain at the end of press-fit stem tip
are significantly dissatisfied with surgical outcomes and
pain relief. When using the hybrid cementing technique,
the end-of-stem tip pain is closely related to patient dis-
satisfaction [8]. On the other hand, no patient was dis-
satisfied with the outcome after operation, although
patients who underwent revision TKA with cemented
stem developed end-of-stem tip pain at a similar rate
[8]. The authors reported that the end-of-stem tip pain
in the cemented stem may be considered as less conse-
quential clinically. However, it is difficult to arrive at a
definitive conclusion because a meaningful comparison
is difficult due to the challenges associated with the rela-
tively small number of patients with fully cemented
stems and the larger population of patients with press-fit
stem. In the present study, the use of the modified hy-
brid cementing technique decreased the patient’s pain at
the end-of-stem tip and improved patients’ satisfaction,
which may be explained by less micromotion, stress
shielding, and low modulus elasticity in the cemented
stem. The removal of the stem is also expected to be
easier than that of the fully cemented stem, although it
has not been actually removed [17, 19, 20].

End-of-stem pain is commonly reported with press-fit
stem revision TKAs. However, its incidence rate varies
among clinical studies [9, 25]. In addition, most studies
failed to distinguish between knee pain and shin pain [9,
25]. The end-of-stem pain was reported in 11% femo-
rally and 14% tibially in press-fit diaphysis engaged stem
with a minimum of 2-year follow-up. In addition, 19% of
patients with cemented tibial stems also reported end-
of-stem pain [8]. Albino et al. [26] have also reported lo-
calized pain at the end of the stem in 9.4% femorally and
21.9% tibially with a mean follow-up of 2.6 years.
Mihalko et al. [27] have reported that more than 16%

(20 of 120 patients) manifest end-of-stem pain on the
tibial side and 0% femorally. In the present study, such
pain occurred in 9.7% (6 of 62 patients) femorally and
14.5% (9 of 62 patients) tibially in press-fit stems. Our
results were comparable to those of previous studies
mentioned above. On the other hand, we observed that
end-of-stem tip pain was reduced following modified hy-
brid cementing intervention (from 24.2 to 3.4% in the
shin and from 15.2 to 3.4% in the thigh). The incidence
of pain in the thigh and the shin was decreased; how-
ever, the only decrease in shin pain was statistically
significant.

Although the overall satisfaction rate of our revision
TKA patients was 75.8%, the satisfaction rate of hybrid
cementing technique group was only 60.6%. Baker et al.
[11] reported the satisfaction rate of 66% in 797 aseptic
revision TKAs, which was similar to that of our hybrid
cementing technique group of patients. In their study,
revision cases for stiffness had worst satisfaction rate of
47% [11]. Satisfaction rate after revision can be varied
according to the cohort. We excluded septic revision
cases to avoid confounding factors. Most of patients in
this study were loosening cases who needed augmenta-
tion blocks and long stems during revision. And the
end-of-stem tip pain was associated with patient dissatis-
faction after revision.

Our study had several limitations. First, the demo-
graphic characteristics of the present study population
such as the preponderance of female patients undergo-
ing revision TKA should be considered when comparing
with other populations comprising only Korean patients
[28]. Nevertheless, the characteristics of daily activities
and lifestyle in the Korean population including more
frequent squatting and kneeling might shed further light
for comparison of high-flexion activities [28]. Second, in-
herent limitations resulting from the retrospective study
design based on a single institutional study include se-
lection bias and heterogeneity in preoperative conditions
between groups, which might have influenced our re-
sults. Third, two cementing techniques were performed
during different time periods. Improvement in surgical
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skill might have influenced postoperative outcomes.
However, because of the extensive experience (10 years)
of the surgeon with revision TKAs, such temporal vari-
ation in surgical skills during the two cementing
methods may not have had a significant influence on the
postoperative outcomes. Finally, the present study might
have been statistically underpowered with respect to re-
sponses received to all relevant questions. The likelihood
of decreased thigh pain appeared to be sufficient. How-
ever, the decrease was not statistically significant because
of the relatively small number of patients. Therefore, lar-
ger prospective studies are required in the future.

Conclusion

Our novel technique of stem fixation in revision TKAs
using a modified hybrid cementing technique reduced
the end-of-stem tip pain in the shin and increased pa-
tients” satisfaction postoperatively. Therefore, the modi-
fied hybrid cementing technique could be more effective
option to reduce end-of-stem tip pain and enhance pa-
tient satisfaction following revision TKAs. Further re-
search is needed to support our findings.

Abbreviations

TKA: Total knee arthroplasty; PROMs: Patient-reported outcome measures;
BMI: Body mass index; ASA: American Society of Anesthesiologists;

ROM: Range of motion; PS: Posterior stabilized; WC: Varus-valgus
constrained; PCO: Posterior condylar offset; WOMAC: Western Ontario and
McMaster Universities Osteoarthritis Index

Acknowledgements
None.

Authors’ contributions

MSK collected the data, performed the measurement and analysis,
participated in the study design, and drafted the manuscript. IJK and SS
participated in the study design, supervised the analysis, and helped to draft
the manuscript. HCP collected the data and performed the measurement. YI
designed the study, supervised the whole study process, and helped to draft
and review the manuscript. The authors read and approved the final
manuscript.

Funding
Source of funding, there was no external funding source in this investigation.

Availability of data and materials
The datasets used and analyzed during the current study available are from
the corresponding author upon reasonable request.

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee, and with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. This study has been approved
by the Institutional Review Board (IRB) of Seoul St. Mary’s Hospital
(KC18RESI0705) and informed written consent for participation in the study
was obtained.

Consent for publication
Consent for publication in the study was obtained.

Competing interests
The authors declare that they have no competing interests.

(2020) 15:393

Page 7 of 8

Author details

'Department of Orthopaedic Surgery, Seoul St. Mary's Hospital, College of
Medicine, The Catholic University of Korea, 222, Banpo-daero, Seocho-gu,
Seoul 06591, Republic of Korea. “Department of Orthopaedic Surgery, The
Catholic University of Korea Graduate School, 222, Banpo-daero, Seocho-gu,
Seoul 06591, Republic of Korea. *Department of Orthopaedic Surgery,
Eunpyeong St. Mary's Hospital, College of Medicine, The Catholic University
of Korea, 1021, Tongil Ro, Eunpyeong-gu, Seoul 03312, Republic of Korea.

Received: 19 November 2019 Accepted: 24 August 2020
Published online: 09 September 2020

References

1. Fehring TK, Odum S, Griffin WL, Mason JB, Nadaud M. Early failures in total
knee arthroplasty. Clin Orthop Relat Res. 2001:315-8.

2. Park HJ, Kim HJ, Kim S, Kim SM, Mun JU, Kim J, et al. Safety of temporary
use of recycled autoclaved femoral components in infected total knee
arthroplasty: confirming sterility using a sonication method. Clin Orthop
Surg. 2018;10:427-32.

3. Wood GC, Naudie DD, MacDonald SJ, McCalden RW, Bourne RB. Results of
press-fit stems in revision knee arthroplasties. Clin Orthop Relat Res. 2009;
467:810-7.

4. Kang SG, Park CH, Song SJ. Stem fixation in revision total knee arthroplasty:
indications, stem dimensions, and fixation methods. Knee Surg Relat Res.
2018;30:187-92.

5. Mabry TM, Hanssen AD. The role of stems and augments for bone loss in
revision knee arthroplasty. J Arthroplast. 2007,22:56-60.

6. Bottner F, Laskin R, Windsor RE, Haas SB. Hybrid component fixation in
revision total knee arthroplasty. Clin Orthop Relat Res. 2006;446:127-31.

7. Wang C, Pfitzner T, von Roth P, Mayr HO, Sostheim M, Hube R. Fixation of
stem in revision of total knee arthroplasty: cemented versus cementless-a
meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2016,24:3200-11.

8. Barrack RL, Rorabeck C, Burt M, Sawhney J. Pain at the end of the stem after
revision total knee arthroplasty. Clin Orthop Relat Res. 1999:216-25.

9. Cameron HU, Jung YB. Noncemented stem tibial component in total knee
replacement: the 2- to 6-year results. Can J Surg. 1993;36:555-9.

10. Barrack RL, Engh G, Rorabeck C, Sawhney J, Woolfrey M. Patient satisfaction
and outcome after septic versus aseptic revision total knee arthroplasty. J
Arthroplast. 2000;15:990-3.

11. Baker P, Cowling P, Kurtz S, Jameson S, Gregg P, Deehan D. Reason for
revision influences early patient outcomes after aseptic knee revision. Clin
Orthop Relat Res. 2012;470:2244-52.

12. Figgie HE 3rd, Goldberg VM, Heiple KG, Moller HS 3rd, Gordon NH. The
influence of tibial-patellofemoral location on function of the knee in
patients with the posterior stabilized condylar knee prosthesis. J Bone Joint
Surg Am. 1986;68:1035-40.

13. Insall J, Salvati E. Patella position in the normal knee joint. Radiology. 1971;
101:101-4.

14. Bellemans J, Banks S, Victor J, Vandenneucker H, Moemans A. Fluoroscopic
analysis of the kinematics of deep flexion in total knee arthroplasty.
Influence of posterior condylar offset. J Bone Joint Surg Br. 2002,84:50-3.

15.  Theiler R, Bischoff-Ferrari HA, Good M, Bellamy N. Responsiveness of the
electronic touch screen WOMAC 3.1 OA index in a short term clinical trial
with rofecoxib. Osteoarthr Cartil. 2004;12:912-6.

16.  Scuderi GR, Bourne RB, Noble PC, Benjamin JB, Lonner JH, Scott WN. The new
knee society knee scoring system. Clin Orthop Relat Res. 2012;470:3-19.

17. Fehring TK, Odum S, Olekson C, Griffin WL, Mason JB, McCoy TH. Stem
fixation in revision total knee arthroplasty: a comparative analysis. Clin
Orthop Relat Res. 2003:217-24.

18. Kwon KT, Han KY, Lee WS, Kim DH. Full cementation in revision total knee
arthroplasty using a constrained condylar knee prosthesis with an average
7-year follow-up. Knee Surg Relat Res. 2017;29:282-7.

19. Mabry TM, Vessely MB, Schleck CD, Harmsen WS, Berry DJ. Revision total
knee arthroplasty with modular cemented stems: long-term follow-up. J
Arthroplast. 2007,22:100-5.

20. Completo A, Simoes JA, Fonseca F, Oliveira M. The influence of different
tibial stem designs in load sharing and stability at the cement-bone
interface in revision TKA. Knee. 2008;15:227-32.

21, Brown TE, Larson B, Shen F, Moskal JT. Thigh pain after cementless total hip
arthroplasty: evaluation and management. J Am Acad Orthop Surg. 2002;10:
385-92.



Kim et al. Journal of Orthopaedic Surgery and Research

22.
23.

24.

25.

26.

27.

28.

(2020) 15:393

Huiskes R. The various stress patterns of press-fit, ingrown, and cemented
femoral stems. Clin Orthop Relat Res. 1990:27-38.

Lavernia C, D'Apuzzo M, Hernandez V, Lee D. Thigh pain in primary total hip
arthroplasty: the effects of elastic moduli. J Arthroplast. 2004;19:10-6.
Vresilovic EJ, Hozack WJ, Rothman RH. Incidence of thigh pain after
uncemented total hip arthroplasty as a function of femoral stem size. J
Arthroplast. 1996;11:304-11.

Haas SB, Insall JN, Montgomery W 3rd, Windsor RE. Revision total knee
arthroplasty with use of modular components with stems inserted without
cement. J Bone Joint Surg Am. 1995;77:1700-7.

Albino RB, Santos LS, Gobbi RG, Lamaguchi M, Demange MK, Tirico LE, et al.
Pain at the tip of the stem after revision total knee arthroplasty. Rev Bras
Ortop. 2012;47:73-6.

Mihalko WM, Whiteside LA. Stem pain after cementless revision total knee
arthroplasty. J Surg Orthop Adv. 2015;24:137-9.

Kim MS, Kim JH, Koh 1, Jang SW, Jeong DH, In Y. Is high-flexion total knee
arthroplasty a valid concept? Bilateral comparison with standard Total knee
arthroplasty. J Arthroplast. 2016;31:802-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Method
	Results
	Conclusion
	Level of evidence

	Background
	Patients and methods
	Statistical methods

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

