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A Comparison of Clinical Outcomes and Complications of Simultaneous TKR
and Bilateral TKR Staged at a 48-hour Interval

Abstract

Background: Knee replacement surgery (Arthroplasty) is one of the most successful orthopedic procedures,
and numerous studies have been conducted to determine the optimal approach and duration of this
procedure. Nonetheless, few studies have been conducted to compare the outcomes and complications of
simultaneous total knee replacement (TKR) and bilateral TKR staged at a 48-hour interval. As such, this study
sought to determine the clinical outcomes and complications associated with simultaneous TKR and bilateral
TKR staged at a 48-hour interval.

Methods: This study was a cohort study with two groups of patients undergoing simultaneous TKR and
bilateral TKR staged at a 48-hour interval. Following surgery, postoperative complications, hospitalization
duration, and clinical outcomes were evaluated two weeks, one month, and three months later.

Results: The Lysholm Knee Scoring Scale revealed no statistically significant differences in the variables
studied between the patients in this study. Additionally, there was no significant difference in postoperative
complications between the two groups (P>0.05).

Conclusion: The study's findings indicated no statistically significant difference between the two groups
concerning pain rate, knee function, and surgical complications following the treatments.
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Introduction

Total Total knee replacement (TKR) is one of the most successful orthopedic
procedures, with 99,093 procedures performed in the United Kingdom in 2018 M,
By 2020 and 2040, the number of TKRs in the United States is expected to
increase to 1,065,000 and 3,416,000 replacements, respectively @ TKR has been
proved to be highly effective at alleviating pain and improving functional status in
patients with severe osteoarthritis. The primary indication for TKR is to alleviate
severe osteoarthritis-related pain. Additionally, demand for TKR increases with
age, and nearly half of osteoarthritis patients are under the age of 85 ©.
Furthermore, approximately one-third of patients with osteoarthritis experience
bilateral disease, and approximately 40% of patients undergoing unilateral TKR
will require bilateral TKR of the opposite knee within eight years of the first
procedure 4.

Despite numerous studies, there is no clear consensus regarding bilateral TKR or
staged TKR. TKR was previously promoted as a risk-free procedure for patients
with bilateral symptoms and suggested that the surgery could result in cost
savings, increased patient satisfaction, and a shorter length of stay in the hospital.
Nonetheless, these assertions have been contested over time®™ ®. Several studies
documented various complications associated with both of the surgeries
mentioned above. Some studies found that simultaneous TKR resulted in a higher
mortality rate and cardiopulmonary events, whereas others found a lower rate of
complications such as deep prosthesis infections and mechanical dysfunction”' 8
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In research conducted by Warren et al.,
simultaneous TKR was associated with an
increased risk of complications in patients
with healthier body conditions. These scholars
left the physician and patient to decide
whether to undergo simultaneously or staged
TKR ©. Despite the severe complications
observed in patients undergoing simultaneous
bilateral TKR (BTKR), the surgery's undeniable
benefits include reducing costs and infections.
To this end, the purpose of the current study
was to present a technique for surgical
treatment of patients and shorten the
duration of bilateral surgery. Additionally, this
technique was compared to simultaneous
TKR.

This was a prospective cohort study with two
groups: one that underwent simultaneous
TKR and another that underwent bilateral TKR
staged at a 48-hour interval. Patients were
assigned to one of the two groups at random.
All patients underwent the same anesthesia
procedure, during which they were instructed
to abstain from food and liquids for six hours
before surgery. Preoxygenation was used for
three minutes with 100% oxygen, followed by
premedication with fentanyl at a dose of
2g/kg IV and midazolam at a dose of 0.02
mg/kg IV. Following that, sodium thiopental 5
mg/kg and atracurium 0.5 mg/kg IV induction

were used. Additionally, fentanyl
(50mg.kg.min")  and  propofol  (1-2
ug.kg.hry)  were used to maintain
anesthesia.

Furthermore, patients were anesthetized to
an American Society of Anesthesiologists
(ASA) grade Il level. In addition, a tourniquet
was used throughout the procedure, and at
the end of the procedure, homeostasis was
performed in the absence of a tourniquet. The
two groups were identical in terms of surgical
approach (classic TKR), antibiotic prescription
(cephalexin for 48 hours, followed by 30
cephalexin 500 mg tablets every six hours),
analgesics (1g of Apotel every eight hours for
48 hours, followed by acetaminophen codeine
tablets every 8 hours until five days after
discharge), and anti-coagulants
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(subcutaneous injection of 1g of Clexane for
14 days after discharge and once a day during
the hospitalization period).

An orthopedic resident collected data two
weeks after surgery and subsequently a
month and three months later. Data
collection was performed using a checklist of
demographic characteristics and
postoperative complications such as infection
(pus, redness, heat, pain, or tenderness at the
surgical site), deep vein thrombosis (DVT) (as
determined by clinical examination, body size
difference, and ultrasound), as well as the
length of hospitalization. Furthermore, clinical
outcomes were compared using the scores
from the tool presented in the annex.
Exclusion Criteria

Exclusion criteria included prior major knee
surgery, a history of joint infection, chronic
diseases such as diabetes, refusal to
participate in the study, immunodeficiency,
the infection of other body parts, and recent
active infection.

SPSS version 20 was used to analyze the data.
Additionally, the Lysholm scale was used to

assess TKR outcomes. The instrument
evaluated eight variables: limping, support,
locking, instability, pain, swelling, stair

climbing, and squatting. Numerous studies
have previously used the tool to determine
the status of damaged knees. At the end of
the second week and the first and third
months, patients and an orthopedic resident
assessed the intensity of perceived pain
during resting and slow walking using a visual
analog scale (VAS). This tool featured a 10-cm
line with anchor statements on the left (no
discomfort) and right (extreme pain). The
patient drew a line through the point that
they believe best represents their current
state. The pain level was calculated from the
start of the continuum to the patient's mark
using a meter graduated ruler.

The study enrolled 100 participants, divided
into two groups: those who received TKR
simultaneously (first) and those who received

bilateral TKR staged at a 48-hour interval
(second). Each group consisted of 50
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participants. Additionally, efforts were made
to create age and gender homogeneous
groups. In terms of gender, 19 patients in the
simultaneous TKR group and 18 subjects in
the bilateral TKR staged at a 48-hour interval
group were male, while the remainder were
female, indicating no statistically significant
difference between the groups (P>0.05). The
mean age of the participants was 59.75+4.96
years (59.48+4.87 years in the bilateral TKR
staged at a 48-hour interval and 60.02+5.08
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years in the simultaneous group), indicating
that there was no statistically significant
difference in age between the groups
(P=0.540). Following the intervention, pain
levels were assessed in all participants using
the VAS, with the results presented in Table 2.
In general, there was no significant difference
in pain levels following treatment between
the two groups (P>0.05) (Table 1).

Table 1. Mean pain scores of patients in the bilateral and simultaneous TKR groups
Pain Intensity Group Mean Std. Deviation Min | max | P-value
sconswee St o merl_{ion Lo e {3 o
e | et s oweral_L68 Low {315 Joan
Tl e e e e

Table 2. Mean score of Lysholm scale’s items in the two bilateral and simultaneous TKR groups

second First month
Lysholm Group week Mean + Std. Third month p_value
scores Mean + Std. L Mean = Std. Deviation
L Deviation
Deviation
Limping Staged at a 48-hour interval | 4.20 +.88 438 +.80 452 + .90
Simultaneous 4,10+ .90 444 +.78 454 + .86 0.910
Support Staged at a 48-hour interval | 4.22 £1.05 4,32 +1.01 442 +1.01 0.766
Simultaneous 4.34 +1.04 4.46 +.97 4.48 +.99
Locking Staged at a 48-hour interval | 11.38 £1.22 11.48 £1.23 11.96 £1.49 0.149
Simultaneous 11.12 £1.02 11.34 £.93 11.54 £1.38
Instability Staged at a 48-hour interval | 19.00 +1.24 19.42 £1.08 19.48 £1.03 0.929
Simultaneous 19.14 +1.16 19.24 +1.22 19.50 +1.19
swelling Staged at a 48-hour interval | 9.20 +.90 9.28 +.88 9.56 +1.01 0.206
Simultaneous 9.08 £.92 9.20 +.83 9.32 +.86
Stair- Staged at a 48-hour interval | 8.18 .84 8.44 +.78 8.64 +.80 0.157
climbing Simultaneous 8.06 +.89 8.36 +.80 8.84 +.58 '
Squatting Staged at a 48-hour interval | 4.26 +.87 4.32 +.76 4.36 +.77 0.452
Simultaneous 4.16 £.93 4.24 +91 4.48 +.81

Evaluation of Clinical Outcomes Based on
Lysholm Scale Results

The Lysholm scale was used to determine and
compare the mean value of variables,
including limping, support, locking, instability,
swelling, stair-climbing, and squatting among
patients. Finally, the results indicated that
there was no statistically significant difference
between the groups (P>0.05) (Table 2).

—
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According to the findings, there was no
significant  difference in  postoperative
complications between the two groups. Three
and six DVT cases were observed in the case
and control groups within three months,
respectively. Moreover, four patients in the
case group and two subjects in the control
group were infected at the surgical site
(P>0.05) (Table 3).
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Table 3. Frequency of complications in the simultaneous and bilateral TKR groups
Group
- - P-value
Staged at a 48-hour interval | Simultaneous
. Yes 4 2
Infection No 26 8 0.678
Yes 3 6
DVT No 47 v 0.487

ISPV

el B

Diagram 1. Mean hospitalization duration of patients

In total, patients in the simultaneous TKR and
bilateral TKR groups staged at a 48-hour
interval spent a mean value of 2.3+0.46 and
4.5+0.50 days in the hospital, respectively,
indicating a significantly extended
hospitalization period in the second group
compared to the first group (P=0.000)
(Diagram 1).

In total, 100 individuals were enrolled in the
study, divided into groups of 50, and efforts
were made to create identical groups
concerning age and gender. According to the
findings, there was no statistically significant
difference  between the two groups
concerning postoperative pain intensity.
Additionally, no significant difference in the
Lysholm scale items was observed between
the groups. Furthermore, there was no
significant  difference in  postoperative
complications between the case and control
groups. In addition, three and six DVT cases
were observed within three months in the
case and control groups, respectively.

Moreover, four patients in the case group and
two subjects in the control group were
infected at the surgical site (P>0.05). Van
Hove et al. reported that 2.2% of patients
who underwent major orthopedic surgery
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developed thromboembolism within the first
90 days of discharge after reviewing data
from US databases. According to this study,
60% of cases encountered this issue following
discharge %, Recent studies have emphasized
the importance of minimizing antibiotic
prescription duration. The duration of routine
antibiotics is reduced from a few days to 24—
48 hours following surgery @ pain is the
primary indication for TKR. According to the
findings, the subjects' mean pain scores
decreased significantly following surgery(lz' 3,
Simultaneous TKR was associated with a
lower risk of infection and a shorter hospital
stay in research conducted by N.S. Makaram
et al. ™. However, this procedure was
associated with a higher rate of mortality,
neural disorders, and DVT. Both techniques
were similar regarding early revision, and no
difference in complication occurrence was
observed between the two surgical methods.
However, larger sample sizes may yield
different results.

Accordingto Fu et a and Hussain et a
patients undergoing simultaneous TKR had a
significantly higher mortality rate than other
participants. Additionally, those undergoing
simultaneous TKR had a significantly
increased risk of PTE and DVT. One of the
causes of PTE during simultaneous surgery is
the requirement to implant high-pressure

15 16
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orthopedic cement twice, which justifies the
embolism events in these patients @7 Other
factors contributing to an increased risk of
embolism include longer duration of surgery,
a more extended rehabilitation phase, and a
more prolonged recovery period following
surgery '8,

In another study, N.S. Makaram et a
reported an increased risk of superficial and
deep infection in staged TKR, which was
confirmed by Fu et al.™ and Lui et al.™. This
may be justified since patients selected for
simultaneous TKR are frequently younger,
more active, and have fewer medical
complications, which reduces the risk of
infection. Another issue was that the bilateral
surgery group required a more extended
hospital stay. Poultsides et al. reported in a
study that a longer postoperative hospital
stay might be associated with an increased
infection rate %%, Additionally, the risk of
infection increases as the number of
procedures performed in the operating room
increases *!. Patients in this study were
hospitalized only once, which may reduce the
risk of nosocomial infections compared to
discharge and readmission.

N.S. Makaram et al. ™ reported a mean
reduction in hospitalization time of 2.1 days in
patients undergoing simultaneous TKR.
Simultaneous surgery also has a financial
benefit for the health care system, as it results
in fewer readmissions, fewer rehabilitation
programs, and lower anesthesia costs ** %
Wyles et al. * reported a 50% reduction in
hospital costs associated with simultaneous
surgery versus staged surgery.

In the present study, both simultaneous
surgery and surgery staged over 48 hours
were performed during a single
hospitalization, and rehabilitation on both
knees was performed simultaneously,
resulting in cost savings. It is therefore
recommended that additional research be
conducted to gain a better understanding of
this issue.

One of the study's major limitations was its
small sample size. As a result, it is
recommended that studies employ larger
sample sizes to obtain more accurate results.
Additionally, participants were selected from

[ (15)
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ASAI grade Il patients, who may have a lower
risk of complications, and thus may not
represent the true sample of this community.
Additional clinical trials with higher grade
patients and larger sample sizes are
recommended to compare surgical outcomes
and complications.

Conclus

According to the present study's findings,
there was no significant difference in pain
intensity, knee function, or postoperative
complications between the two treatment
methods.

References

1. National joint Registry (NJR) for England W,
Northern Ireland and the Isle of Man. 16th Annual
report. 2019.
http://www.njrreports.org.uk/Portals/0/
PDFdownloads/NJR16thAnnualReport2019.pdf
[accessed 07.07.20].

2. Singh JA, Yu S, Chen L, Cleveland JD. Rates
of total joint replacement in the United States: future

projections to 2020e2040 using the national
inpatient sample. J Rheumatol 2019.
https://doi.org/10.3899/jrheum.170990

3. Murphy L, Schwartz TA, Helmick CG, Renner

JB, Tudor G, Koch G, et al. Lifetime risk of
symptomatic knee osteoarthritis. Arthritis Rheum
2008;59:1207e13.
https://doi.org/10.1002/art.24021.

4, Santana DC, Anis HK, Mont MA, Higuera CA,
Piuzzi NS. What is the likelihood of subsequent
arthroplasties after primary TKR or THA? Data from
the osteoarthritis initiative. Clin Orthopaedics Relat

Res 2020;478:34e41. https://
doi.org/10.1097/corr.0000000000000925
5. Reuben JD, Meyers SJ, Cox DD, Elliott M,

Watson M, Shim SD. Cost comparison between
bilateral simultaneous, staged, and unilateral total
joint arthroplasty. J Arthroplasty 1998;13:172e9.
https://doi.org/10.1016/s0883-5403(98) 90095-x.

6. Sobh AH, Siljander MP, Mells AJ, Koueiter
DM, Moore DD, Karadsheh MS. Cost analysis,
complications, and discharge disposition associated
with simultaneous vs taged bilateral total knee
arthroplasty. J Arthroplasty 2018;33: 320e3.
https://doi.org/10.1016/j.arth.2017.09.004.

7. Memtsoudis SG, Hargett M, Russell LA,
Parvizi J, Cats Baril WL, Stundner O, et al. Consensus
statement from the consensus conference on
bilateral total knee arthroplasty group. Clin Orthop
Relat Res 2013;471:2649e57. https://
doi.org/10.1007/s11999-013-2976-9.

8. Meehan JP, Danielsen B, Tancredi DJ, Kim S,
Jamali AA, White RH. A population-based comparison
of the incidence of adverse outcomes after
simultaneous- ilateral and staged-bilateral total knee

'



Iranian Journal of Orthopaedic Surgery
Vol 19, No 2 (Serial No 73), Spring 2021, p 86-92

arthroplasty. J Bone Joint Surg Am 2011;93:2203e13.
https://doi.org/10.2106/JBJS.J.01350.

0. Warren JA, Siddigi A, Krebs VE, Molloy R,
Higuera CA, Piuzzi NS. Bilateral simultaneous total
knee arthroplasty may not be safe even in the
healthiest patients. JBJS. 2021 Jan 29:10-2106.

10. van Hove RP, Brohet RM, van Royen BJ,
Nolte PA. High correlation of the Oxford knee score
with postoperative pain,but not with performance-
based functioning. Knee urg ports Traumatol
Arthrosc. 2015 Mar 29 [Epub]. ttp://dx.
0i.org/10.1007/s00167-015-3585-9.

11. Judge A, Arden NK, Cooper C, Kassim Javaid
M, Carr AJ, Field RE, Dieppe PA. Predictors of
outcomes of total knee replacement surgery.
Rheumatology (Oxford). 2012;51:1804-13.

12. Ghomrawi HM, Franco Ferrando N, Mandl
LA, Do H, Noor N, Gonzalez Della Valle A. How often
are patient and surgeon recovery expectations for
total joint arthroplasty aligned? Results of a pilot
study. HSS J. 2011;7:229-34.

13. Parvizi J, Nunley RM, Berend KR, Lombardi
AV Jr, Ruh EL, Clohisy JC, Hamilton WG, Della Valle CJ,
Barrack RL. High level of residual symptoms in young
patients after total knee arthroplasty. Clin Orthop
Relat Res. 2014;472:133-7.

14. Makaram NS, Roberts SB, Macpherson GJ.
Simultaneous bilateral total knee arthroplasty is
associated with shorter length of stay but increased
mortality compared with staged bilateral total knee
arthroplasty: a systematic review and meta-analysis.
The Journal of Arthroplasty. 2021 Jan 23.

15. Fu D, Li G, Chen K, Zeng H, Zhang X, Cai Z.
Comparison  of  clinical outcome  between
simultaneous-bilateral and staged-bilateral total knee
arthroplasty: a systematic review of retrospective
studies. J Arthroplasty 2013;28:1141€7.
https://doi.org/10.1016/j.arth.2012.09.023.

16. Hussain N, Chien T, Hussain F, Bookwala A,
Simunovic N, Shetty V, et al. Simultaneous versus
staged bilateral total knee arthroplasty: a meta-
analysis  evaluating  mortality,  peri-operative
complications and infection rates. HSS J
Musculoskelet J Hosp Spec Surg 2013;9:50e9.
https://doi.org/10.1007/ s11420-012-9315-7.

17. Al-Shaer DS, Ayoub O, Ahamed NA, Al-
Hibshi AM, Baeesa SS. Cerebral fat embolism
syndrome following total knee replacement causing a
devastating neurocognitive sequelae. Neurosciences
(Riyadh) 2016;21:271e4. https://
doi.org/10.17712/nsj.2016.3.20150716.

18. Etscheidt J, Shahien A, Gainey M,
Kronenfeld D, Niu R, Freccero D, et al. Review of
therapeutic options for the prevention of VTE in total
joint arthroplasty. Geriatrics 2020;5:18.

19. Liu L, Liu H, Zhang H, Song J, Zhang L.
Bilateral total knee arthroplasty: simultaneous or
staged? A systematic review and meta-analysis.
Medicine 2019;98:€15931.
https://doi.org/10.1097/md.0000000000015931.

20. Poultsides LA, Memtsoudis SG, Vasilakakos
T, Wanivenhaus F, Do HT, Finerty E, et al. Infection
following  simultaneous bilateral total knee

A Comparison of Clinical Outcomes and Complications ...

——

91

arthroplasty. J Arthroplasty 2013;28(8 Suppl):92e5.
https://doi.org/10.1016/ j.arth.2013.07.005

21. Xu C, Qu P, Deng T, Bell K, Chen J. Does
simultaneous bilateral total joint arthroplasty
increase deep infection risk compared to staged
surgeries? A meta-analysis. J Hosp Infect
2019;101:214e21. https://doi.org/10.1016/
j-jhin.2018.08.019

22. Sobh AH, Siliander MP, Mells AJ, Koueiter
DM, Moore DD, Karadsheh MS. Cost analysis,
complications, and discharge disposition associated
with simultaneous vs staged bilateral total knee
arthroplasty. J Arthroplasty 2018;33: 320e3.
https://doi.org/10.1016/j.arth.2017.09.004.

23. Gill SD, Hill-Buxton L-M, Gwini SM,
Morrison S, Moreira B, Beattie S, et al. Simultaneous
(two-surgeon)  versus staged bilateral knee
arthroplasty: an observational study of intraoperative
and post-operative outcomes. ANZ J Surg
2020;90:826€32. https://doi.org/10.1111/ans.15766.
24, Wyles CC, Robinson WA, Maradit-Kremers
H, Houdek MT, Trousdale RT, Mabry TM. Cost and
patient outcomes associated with bilateral total knee
arthroplasty performed by 2-surgeon teams vs a
single surgeon. J Arthroplasty 2019;34:671e5.
https://doi.org/10.1016/j.arth.2018.12.029.

1. National joint Registry (NJR) for England W,
Northern Ireland and the Isle of Man. 16th Annual
report. 20109.
http://www.njrreports.org.uk/Portals/0/
PDFdownloads/NJR16thAnnualReport2019.pdf
[accessed 07.07.20].

2. Singh JA, Yu S, Chen L, Cleveland JD. Rates
of total joint replacement in the United States: future
projections to 2020-2040 wusing the national
inpatient sample. The Journal of rheumatology. 2019

Sep 1;46(9):1134-40.
https://doi.org/10.3899/jrheum.170990
3. Murphy L, Schwartz TA, Helmick CG, Renner

JB, Tudor G, Koch G, Dragomir A, Kalsbeek WD, Luta
G, Jordan JM. Lifetime risk of symptomatic knee
osteoarthritis. Arthritis Care & Research: Official
Journal of the American College of Rheumatology.

2008 Sep 15;59(9):1207-13.
https://doi.org/10.1002/art.24021.
4. Santana DC, Anis HK, Mont MA, Higuera CA,

Piuzzi NS. What is the likelihood of subsequent
arthroplasties after primary TKA or THA? Data from
the Osteoarthritis Initiative. Clinical orthopaedics and

related research. 2020 Jan;478(1):34. https://
doi.org/10.1097/corr.0000000000000925
5. Reuben JD, Meyers SJ, Cox DD, Elliott M,

Watson M, Shim SD. Cost comparison between
bilateral simultaneous, staged, and unilateral total
joint arthroplasty. The Journal of arthroplasty. 1998
Feb 1;13(2):172-9. https://doi.org/10.1016/s0883-
5403(98) 90095-x.

6. Sobh AH, Siliander MP, Mells AJ, Koueiter
DM, Moore DD, Karadsheh MS. Cost analysis,
complications, and discharge disposition associated
with simultaneous vs staged bilateral total knee
arthroplasty. The Journal of arthroplasty. 2018 Feb
1;33(2):320-3.

'




Sheibani M, MD, et al.

https://doi.org/10.1016/j.arth.2017.09.004.

7. Memtsoudis SG, Hargett M, Russell LA,
Parvizi J, Cats-Baril WL, Stundner O, Sculco TP.
Consensus statement from the consensus conference
on bilateral total knee arthroplasty group. Clinical
Orthopaedics and Related Research®. 2013
Aug;471(8):2649-57. https://
doi.org/10.1007/s11999-013-2976-9.

8. Meehan JP, Danielsen B, Tancredi DJ, Kim S,
Jamali AA, White RH. A population-based comparison
of the incidence of adverse outcomes after
simultaneous-bilateral and staged-bilateral total knee
arthroplasty. JBJS. 2011 Dec 7;93(23):2203-13.
https://doi.org/10.2106/JBJS.J.01350.

9. Warren JA, Siddigi A, Krebs VE, Molloy R,
Higuera CA, Piuzzi NS. Bilateral simultaneous total
knee arthroplasty may not be safe even in the
healthiest patients. JBJS. 2021 Feb 17;103(4):303-11.
10. Dunbar MJ, Richardson G, Robertsson O. |
can’t get no satisfaction after my total knee
replacement: rhymes and reasons. The bone & joint
journal. 2013 Nov;95(11_Supple_A):148-52.

11. van Hove RP, Brohet RM, van Royen B,
Nolte PA. High correlation of the Oxford Knee Score
with postoperative pain, but not with performance-
based  functioning.  Knee  Surgery, Sports
Traumatology, Arthroscopy. 2016 Oct;24(10):3369-
75. https://doi.org /10.1007/s00167-015-3585-9.

12. Judge A, Arden NK, Cooper C, Kassim
Javaid M, Carr AJ, Field RE, Dieppe PA. Predictors
of outcomes of total knee replacement surgery.
Rheumatology. 2012 Oct 1;51(10):1804-13.

13. Ghomrawi HM, Franco Ferrando N, Mandl
LA, Do H, Noor N, Gonzalez Della Valle A. How often
are patient and surgeon recovery expectations for
total joint arthroplasty aligned? Results of a pilot
study. HSS Journal®. 2011 Oct;7(3):229-34.

14. Parvizi J, Nunley RM, Berend KR, Lombardi
AV, Ruh EL, Clohisy JC, Hamilton WG, Della Valle CJ,
Barrack RL. High level of residual symptoms in young
patients after total knee arthroplasty. Clinical
Orthopaedics and Related Research®. 2014
Jan;472(1):133-7.

15. Fu D, Li G, Chen K, Zeng H, Zhang X, Cai Z.
Comparison  of clinical outcome  between
simultaneous-bilateral and staged-bilateral total knee
arthroplasty: a systematic review of retrospective
studies. The Journal of arthroplasty. 2013 Aug
1;28(7):1141-7.

16. Fu D, Li G, Chen K, Zeng H, Zhang X, Cai Z
Comparison  of clinical outcome  between
simultaneous-bilateral and staged-bilateral total knee
arthroplasty: a systematic review of retrospective
studies. The Journal of arthroplasty. 2013 Aug
1;28(7):1141-7.
https://doi.org/10.1016/j.arth.2012.09.023.

17. Hussain N, Chien T, Hussain F, Bookwala A,
Simunovic N, Shetty V, Bhandari M. Simultaneous
versus staged bilateral total knee arthroplasty: a
meta-analysis evaluating mortality, peri-operative
complications and infection rates. HSS Journal®. 2013
Feb;9(1):50-9. https://doi.org/10.1007/ s11420-012-
9315-7.

——

92

Iranian Journal of Orthopaedic Surgery
Vol 19, No 2 (Serial No 73), Spring 2021, p 86-92

18. Al-Shaer DS, Ayoub O, Ahamed NA, Al-
Hibshi AM, Baeesa SS. Cerebral fat embolism
syndrome following total knee replacement causing a
devastating neurocognitive sequelae. Neurosciences

Journal. 2016  Jul  1;21(3):271-4.  https://
doi.org/10.17712/nsj.2016.3.20150716.
19. Etscheidt J, Shahien A, Gainey M,

Kronenfeld D, Niu R, Freccero D, Smith E. Review of
therapeutic options for the prevention of VTE in total
joint arthroplasty. Geriatrics. 2020 Mar;5(1):18.

20. Liu L, Liu H, Zhang H, Song J, Zhang L.
Bilateral total knee arthroplasty: Simultaneous or
staged? A systematic review and meta-analysis.
Medicine. 2019 May;98(22).
https://doi.org/10.1097/md.0000000000015931.

21. Poultsides LA, Memtsoudis SG, Vasilakakos
T, Wanivenhaus F, Do HT, Finerty E, Alexiades M,
Sculco TP. Infection following simultaneous bilateral
total knee arthroplasty. The Journal of arthroplasty.
2013 Sep 1;28(8):92-5. https://doi.org/10.1016/
j.arth.2013.07.005

22. Xu C, Qu P, Deng T, Bell K, Chen J. Does
simultaneous bilateral total joint arthroplasty
increase deep infection risk compared to staged
surgeries? A meta-analysis. Journal of Hospital
Infection. 2019 Feb 1;101(2):214-21.
https://doi.org/10.1016/ j.jhin.2018.08.019

23. Sobh AH, Siliander MP, Mells AJ, Koueiter
DM, Moore DD, Karadsheh MS. Cost analysis,
complications, and discharge disposition associated
with simultaneous vs staged bilateral total knee
arthroplasty. The Journal of arthroplasty. 2018 Feb
1;33(2):320-3.
https://doi.org/10.1016/j.arth.2017.09.004.

24. Gill SD, Hill-Buxton LM, Gwini SM,
Morrison S, Moreira B, Beattie S, Thomson A, Page
RS. Simultaneous (two-surgeon) versus staged
bilateral knee arthroplasty: an observational study of
intraoperative and post-operative outcomes. ANZ
journal of surgery. 2020 May;90(5):826-32.
https://doi.org/10.1111/ans.15766.

25. Wyles CC, Robinson WA, Maradit-Kremers
H, Houdek MT, Trousdale RT, Mabry TM. Cost and
patient outcomes associated with bilateral total knee
arthroplasty performed by 2-surgeon teams vs a
single surgeon. The Journal of arthroplasty. 2019 Apr
1,34(4):671-5.
https://doi.org/10.1016/j.arth.2018.12.029.

'



