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ABSTRACT

BACKGROUND: Advanced knee osteoarthritis (OA) is a common clinical problem requiring knee arthroplasty. X-ray can be used
to diagnose knee osteoarthritis. Total knee arthroplasty of the two knees can be done simultaneously or staged in two different
sessions.

AIM: To assess simultaneous bilateral total knee arthroplasty based on complications and patient satisfaction and compare the
results to those in the literature to provide a clear guideline for appropriate choice for patients.

MATERIALS AND METHODS: A prospective cohort study was conducted in Ain Shams University Hospital in Cairo and Taiba
Hospital in Kuwait on 45 cases who suffered from advanced bilateral knee osteoarthritis and underwent simultaneous bilateral
total knee arthroplasty between August 2018 and October 2020.

RESULTS: The study was conducted on 45 patients aged 4775 years (mean age: 64.29+6.23 years). There were 41 females
(91.1%) and 4 males (8.9%). Pre- and postoperative patient satisfaction was 15.24+2.45 and 32.18+4.08, respectively, with a
mean difference of 16.93. Moreover, the pre- and postoperative objective knee score and Knee Society Scoring System, were
58.90+6.28 and 82.62+5.70, respectively. Additionally, the pre- and postoperative functional knee score were 51.39+8.67 and
73.80+7.75, respectively. Four patients (8.9%) had complications: 3 (6.7%) had superficial infection and 1 (2.2%) had acute
coronary syndrome.

CONCLUSION: Simultaneous bilateral total knee arthroplasty can be safe and have low mortality and complication rates with
careful preoperative patient selection.

Keywords: simultaneous bilateral total knee arthroplasty; patient satisfaction; complications.

To cite this article:
Hammad AA, Abd El Hamid RG, Awad ME, Elkilany ME. Complication rate and patient satisfaction following simultaneous bilateral total knee replacement.
N.N. Priorov Journal of Traumatology and Orthopedics. 2025;32(1):45-60. DOI: https://doi.org/10.17816/vt0635499

Received: 29.08.2024 Accepted: 29.10.2024 Published online: 23.03.2025
V-2
ECOeVECTOR Article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/vto635499
https://doi.org/10.17816/vto635499
https://crossmark.crossref.org/dialog/?doi=10.17816/vto635499&domain=PDF&date_stamp=2025-04-08

46

OPUIMHATTBHBIE MCCIEIOBAHA T.32.N 12025 BecTHvK Tpasmatonoriv v opToneaui uM. HH. Mpuoposa
DOI: https://doi.org/10.17816/vt0635499

YacToTa 0CNOXKHEHUHU U YAOBHETBOPEHHOCTB
nallUeHToB nocJsqie 0AHOBpPeMEeHHOro AByCTOpPOHHero
TOTAJIbHOro aHAoOMNpoTe3npoBaHUA KOoJIEHHOro cycraBea

A.A. Xammag, P.I. Abp Inb-Xamua, M.3. Asap, M.3. 3nb-Kunaxu

Yuusepcutet Ann-Lamc, Kaup, Ervner

AHHOTALINA

06ocHoBaHue. [porpeccupytoLumii 0CTE0APTPO3 KONMEHHOr0 CycTaBa — PacnpoCTPaHEHHas KIMHUYecKas npobnema, Tpe-
Bytowlan npoBefeHWs apTPONAcTUKKU KOJIEHHOM0 CycTaBa. [lns AMarHoCTMKM 0CTe0apTpo3a KOJIEHHOrO CycTaBa MOXKHO MC-
nonb3oBaTb peHTreHorpadmio. ToTanbHas apTpONIacTUKa ABYX KONEHHbIX CYCTAaBOB MOXET ObITb BbIMOIHEHA OHOBPEMEHHO
WAM NO3TanHo, B [1Ba pasHblix 3Tana.

Lienb. OueHWTb 0AHOBPEMEHHYH ABYCTOPOHHIOK TOTaIbHYH apTPOMIACTMKY KOJIEHHOMO CYCTaBa C TOYKU 3PEHUS OCNOXHEHWN
W YL,0BNETBOPEHHOCTM NaLMEHTOB M CPABHUTB NOJTy4EHHbIE Pe3ynbTaThbl C JaHHbIMW IUTepaTypbl, YTOOLI NpefoCTaBUTL NaLy-
€HTaM YETKOe PyKOBOACTBO Mo Bbibopy.

Matepuanbl U MeTtogpl. bbino npoBeeHO MPOCNEKTUBHOE KOTOPTHOE WCCNE[O0BaHWe B YHWUBEPCUTETCKOM GonbHuue Ain
Shams B Kaupe u 6onbHuue Taiba B KyBeiite ¢ ydacTueM 45 nauneHTOB € NPOrpeccUpyoLLMM ABYCTOPOHHUM 0CTE0APTPO30M
KONEHHOro cycTaBa, KoTopbIM B nepuop ¢ aBrycta 2018 no oktabpb 2020 roga 6bina npoBefieHa 0AHOBPEMEHHAs ABYCTOPOH-
HAf TOTanbHas apTPONNacTUKa KONIEHHOro CycTaBa.

Pe3ynbTtatbl. B uccnenoBaHnuy NpuHsIM ydacTve 45 naumeHToB B Bo3pacTe 47—75 net (cpefHuin BospacT — 64,29+6,23 ropa).
Cpeay Hux 6bin 41 xeHwmHa (91,1%) u 4 MyxumHbl (8,9%). YA0BNETBOPEHHOCTb NALMEHTOB 40 U NOC/E ONepaLmnu CoCTaBu-
na 15,24+2,45 n 32,18+4,08 cooTBeTCTBEHHO CO CpeaHen pa3Huuen B 16,93. Kpome Toro, Ao 1 nocne onepauny 06 beKTUBHBIN
MoKasaTesib KosieHHoro cyctaa v 6ann no Knee Society Scoring System cocraBunm 58,90+6,28 n 82,62+5,70 cooTBeTCTBEH-
Ho. lpyn 3TOM yHKLMOHANBHAA OLEHKa KOJIEHHOro CycTaBa A0 M nocie onepaumun coctasuna 51,39+8,67 v 73,80+7,75 coot-
BETCTBEHHO. Y YeTbIpéx naumeHToB (8,9%) BO3HMKAM OCOXHEHMS: Y Tpoux (6,7%) — NoBEpXHOCTHas MHGEKLMSA U Y OAHOMO
(2,2%) — oCTpbIN KOPOHAPHBIA CUHAPOM.

3akuioyeHne. OpnHOBpeMeHHas ABYCTOPOHHSS TOTalbHas apTPOMN/iacTMKa KOMEHHOro CycTaBa MoXeT bbiTb H6esonacHou
1 UMETb HU3KWE MOKa3aTeNu CMEPTHOCTU U OCNIOXHEHWUW NPY TLLATENTBHOM NpefonepaLvoHHoM oTbope NauueHToB.

KnioueBble cnoBa: 0JHOBpEeMeHHadA ABYCTOPOHHAA TOTajibHad apTponiacTuKa KOJIEHHOro CyCcTaBa; y,U,OBJ'IETBOpéHHOCTb
NauneHToB; 0CJI0XKHEHUA.
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BACKGROUND

Advanced knee osteoarthritis (OA) is a common clinical
problem requiring knee replacement. Knee osteoarthritis
can be diagnosed using several techniques including
neuroimaging. X-ray findings of osteoarthritis include
subchondral sclerosis, narrowing of the joint space between
adjacent bones, and bone spur formation. Moreover, X-ray
can be beneficial for surgeons in decision-making during
surgical intervention [1].

Geriatric patients suffer from various comorbidities, such
as cardiovascular conditions and diabetes mellitus (DM),
which affect major surgeries including bilateral total knee
arthroplasty, with increased risks of morbidity and mortality
following surgical interference [2].

Approximately, one-third of knee replacement patients
exhibit bilateral degenerative joint disease. Additionally,
they show issues in the contralateral knee joint following
replacement of the other joint caused by altered
biomechanincs, with subsequent increased loading of the
other uninvolved knee resulting in accelerated joint disease
in the uninvolved knee and reported limb length discrepancy
and increased incidence of contralateral hip replacement
after unilateral knee replacement; thus, replacements of
both knee joints are typically indicated in advanced knee
osteoarthritis [3].

This can be performed in two separate sessions, with
one knee following the other by few months as a staged
procedure, or by simultaneously replacing both knee joints
in the same session [4].

The simultaneous procedure involves one surgical
event with single anesthetic exposure, whereas the staged
procedure requires two operations under double anesthetics
exposure, separated by a variable time interval depending on
the preference of the patient and surgeon. The advantages of
simultaneous procedure include reduced hospital stay and
costs, a single anesthetic exposure, and decreased overall
rehabilitation time and, in some cases, patient preference [5].

In contrast, cardiac and respiratory complications of
simultaneous bilateral total knee replacement have been
reported. Difference in the rate of complications between
simultaneous and staged bilateral knee replacement remains
controversial [6].

There have been concerns regarding the safety of
simultaneous bilateral knee replacement, often leading to
hesitation to offer this procedure to patients. Several studies
that examined the safety of simultaneous bilateral knee
replacement are nonconclusive, making it challenging to
reach a clear outcome. Some studies have demonstrated that
staged procedures are safer and produce better outcomes
than simultaneous procedure [7].

Other studies have described the mortality rate [8] and
serious complications, including deep vein thrombosis
(DVT), pulmonary embolism (PE), and cardiovascular events,
associated with the simultaneous procedure [9].
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This study aimed to assess simultaneous bilateral knee
replacement based on patients’ satisfaction rate and the
occurrence of complications compared to those in two-stage
procedures and thus provide a clear guideline about the
best candidates who are fit for a single-stage simultaneous
bilateral total knee arthroplasty.

AIM

This study aimed to evaluate simultaneous bilateral
total knee replacement regarding complications and patient
satisfaction and compare them with those in the literature
and thus provide a clear guideline for proper choice of
patients suitable for single-stage simultaneous bilateral total
knee arthroplasty.

MATERIALS AND METHODS
Study design

A prospective cohort study was conducted in Ain Shams
University Hospital in Cairo and Taiba Hospital in Kuwait from
August 2018 to October 2020. This study included 30 patients
who suffered from advanced bilateral knee osteoarthritis and
underwent simultaneous bilateral total knee arthroplasty.

Included Patients

The patients’ demographic characteristics and clinical
profiles such as age, sex, history of smoking and drinking,
time to surgery, and follow-up time were recorded.

Inclusion criteria:

« patients listed for TKA for the treatment of advanced
disabling knee arthritis that is nonresponsive to all
conservative measures;

« age over 50 years old;

« patients with good general conditions and who are fit
for the surgery.

Exclusion criteria:

* revision cases;

+ cases of any plane deformity of >30 degrees;

+ severe obesity (BMI: >40);

 patients who are suffering from vascular or
neurological problems in the ipsilateral limb;

« patients with other uncontrolled comorbidities such as
diabetes mellitus and cardiopulmonary conditions.

The required sample size was 30 patients. However,
the present study included 45 patients with advanced knee
osteoarthritis who have almost the same condition in both knee
joints and were candidates for bilateral total knee arthroplasty.

Methodology

Preoperative, intraoperative, and postoperative stages.
Preoperative Stage

This includes:

« clinical evaluation (history and examination);

- preoperative preparation of the patient.
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Clinical evaluation

Each patient was carefully assessed clinically by taking
a detailed medical history and adequate clinical examination.

Medical history

The medical history aimed to cover concurrent illnesses
(e.g., diabetes mellitus, hypertension, cardiac, renal, and
hepatic problems), medications, allergies, and previous
hospitalizations and surgeries. Social history should include
occupation, level of physical activity, and smoking history.
Furthermore, an anesthesiologist preoperatively examined
the patients to identify surgical fitness.

Clinical examination

Comprehensive general and local examination of each
patient was performed, emphasizing on the complete
examination of the lower limbs. Peripheral arterial pulsation
was assessed to detect any vascular insufficiency. Complete
examination of both lower limbs showing skin condition for
previous scars or sinuses was conducted.

Preoperative preparation of the patient

Four units of blood were prepared for each patient;
however, their utilization was dependent on specific
circumstances. For hydration prior to surgery, 1L of Ringer's
solution was administered. A prophylactic broad-spectrum
antibiotic (second-generation cephalosporin) at 1.5 gm was
administered to all patients approximately 1 hour prior to the
induction of anesthesia.

Objective score

Only three primary parameters were considered. Pain
was measured on a scale of 0-50, with 0 representing
severe pain and 50 representing no pain. Stability in both
the mediolateral and anteroposterior orientations. Flexion
contracture, extension latency, and misalignment were
considered as deductions when evaluating the range of
motion. Therefore, a well-aligned knee had 125 degrees of
motion, had no discomfort, and had negligible anteroposterior
and mediolateral instability of 100 points.

Function score

Only walking distance and stair ascending were included,
with deductions for walking aids. A patient who is able to
walk an unlimited distance and walk up and down staircases
normally achieves the maximum function score of 100. The
capacity to walk was measured in blocks, which were
approximately 100 meters in length. Stair climbing was
regarded as normal if the patient was able to ascend and
descend stairs without relying on a railing.

Objective knee score

The objective knee score of the original KSS is not
substantially different from the new score. In contrast to the
previous scoring system, the new objective score allows for
patients with a stable, asymptomatic knee and a flexion of
>125° to receive over 100 points.

The objective score consists of four parts:

+ The femoral-tibial (anatomic) axis is measured on

a weight-bearing AP radiograph, and alignment is
determined by a maximum of 25 points. A deduction

Vol. 32 (1) 2025

DOl https://doiorg/10.17816/vto635499

N.N. Priorov Journal of Traumatology and Orthopedics

of 10 points is applied for malalignment with varus of
<2 degrees and valgus of >10 degrees.
+ The knee can be measured in the mediolateral
(15 points) and anteroposterior (10 points) axes for a
maximum of 25 points due to instability.
« Joint motion permits 1 point for every 5 degrees
of joint motion. In contrast to the previous scoring
system, which permitted a maximum of 25 points, the
new system permits patients with a range of motion
over 125° to receive >25 points. Flexion contracture
and extension latency are considered deductions:
flexion contracture, -2/-5/-10/-15 points and extensor
latency, -5/-10/-15 points.
+ The symptoms category includes two 10-point scales,
spanning from “none” to “severe,” that allow patients
to evaluate their pain while walking on level ground
and on stairs/inclines. The patient begins with a score
of 10 points on each scale for an asymptomatic knee;
up to 10 points are deducted based on the patient's
response on each pain scale. An additional inquiry
pertains to the patient’s perception of the knee as
“normal”. The maximum number of points that may
be awarded is 25.
Functional Score
+ The functional score is a four-subgroup system with a
maximal score of 100.
+ The maximum value of walking and standing is
30 points, with deductions for the use of walking aids
and supports.
+ Standard activities evaluates “standard” activities of
daily living and has a limit of 30 points. Patients may
respond even if they do not engage in the activities.
Patients who respond with “I never do this” receive
0 points for the activity.
« The advanced activities category assesses the ability
to perform more strenuous activities, such as running
or climbing a ladder, with a limit of 25 points. Patients
may respond even if they do not engage in the
activities. Patients who respond with “I never do this”
receive 0 points for the activity.
+ Discretionary activities have a maximum score of
15 points and enable patients to choose 3 activities
that are most significant to them from a list of
17 recreational and exercise activities. Patients who
do not engage in any discretionary activities will
have a functional knee score that is restricted to
85 points. Discretionary activities in the preoperative
and postoperative periods do not need to be identical.
Grading of the knee score
A score of 80-100 is considered excellent; 70-79, good;
60-69, fair; and <60, poor.

Patient expectations and satisfaction

These components are crucial in the clinical and
functional evaluations of patients who are undergoing knee
arthroplasty.
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Patient Expectations is a 15-point scale that is administered
preoperatively and postoperatively and consists of three
questions. The preoperative inquiries reveal the patient’s
assessment of the operation’s potential to alleviate knee pain
and enhance their capacity to engage in recreational activities
and daily activities. The postoperative inquiries indicate the
degree to which the patient's preoperative expectations
regarding pain and function have been fulfilled.

Patient satisfaction is assessed at each follow-up
appointment and preoperatively. It is a 40-point scale that
includes five questions:

+ pain intensity while seated (8 points);

« pain intensity while lying in bed (8 points);

« knee function during rising from bed (8 points);

« knee function in performing routine domestic chores

(8 points);
+ knee function during leisure recreational activities
(8 points).

The objective score consists of 100 points and includes
subscales for pain, alignment, stability, and range of motion
(ROM) and a separate score for function (100 points). The
new and old scores were designed to quantify patient
outcomes following TKA. The primary differences between
the old and new Knee Society Scores are the activities that
contribute to the function score, weightings of each activity,
and incorporation of additional scales for patient satisfaction
and expectations.

The new Knee Society Knee Scoring System is better
than the original KSS in evaluating the expectations,
satisfaction, and physical activities of patients undergoing
TKA. The new score is presented in an uncomplicated
manner to identify the various lifestyles and activities of
patients. The internal reliability of the score was verified
through a straightforward process, and differential item
functioning was analyzed.

CCK was used throughout the study to eliminate any bias
from the implant regarding pain or satisfaction.

Procedure

Intraoperative Stage

Anesthesia and Surgical Position

In the present study, spinal epidural anesthesia was used.

The patients were placed in a supine position with both
knees draped at the same time in a sterile manner and
positioned properly with knee stopper and lateral support
so that it could be easily flexed and positioned during
operation.

Two tourniquets were positioned around both thighs.
However, only the one around the first knee to be operated
was inflated, and the second one was kept deflated but in
place.

Approach and exposure

The procedures were performed sequentially by a single
surgical crew who used the same set of instruments for both
knees.
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Starting with the first knee, a medial parapatellar
approach was carried out.

The patella was the focal point of a longitudinal midline
skin incision. The parapatellar retinacular incision was
extended proximally along the length of the quadriceps
tendon, leaving a 3-4 mm portion of the vastus medialis
tendon for subsequent closure. The incision was extended
3-4 cm along the medial border of the patellar tendon to the
anteromedial surface of the tibia, encircling the medial side
of the patella. The anteromedial capsule and deep medial
collateral ligament were subperiosteally elevated off the tibia
to the posteromedial corner of the knee, exposing the medial
side of the knee (Fig. 1).

The knee was extended, and the patella was everted
laterally.

Then, the operation was continued by performing a
distal femoral cut, first femoral mechanical axis which was
determined by the intramedullary guide, which was inserted
in the femur, which is situated midline just anterior to the
intercondylar notch (Fig. 2). Furthermore, the cutting jig
was placed and adjusted to 5-7 degrees of valgus to the
intramedullary guide.

After the distal femoral cutting jig was placed, it was
fixed with pins, and the distal femoral cut was conducted
(Fig. 3).

Afterward, the femoral size was determined using the
sizer by making anterior referencing on the highest point of
lateral femoral condyle to avoid notching, and the remaining
cuts (anterior, posterior, both chamfers and the box) were
taken (Fig. 4).

Fig. 1. Medial parapatellar approach: skin incision (a) and deep
dissection (b).

Puc. 1. MeaumanbHblil napanaTenniAapHbIi NOAXOA: pa3pe3 Koxu (a)
u rnybokoe paccedenme (b).
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Then, the proximal tibia was cut by adjusting the cutting
jig to measure either 2 mm from the lowest point on the
defective tibial condyle (medial) or 10 mm from the least
affected tibial condyle (lateral) (Fig. 5).

Moreover, a spacer block was inserted, and the knee was
extended to check the extension gap balance and the varus-
valgus stability.

If the extension gap was unbalanced, soft tissue was
released to obtain a well-balanced gap, and any residual
meniscal tissues were removed.

Then, tibial rotation was performed by aligning the tibial
base plate with the medial one-third of the tibial tubercle,
and the tibia for the keel was prepared. Following this, a
tibial trial component was placed (Fig. 6).

Furthermore, a whole trial of both femoral and tibial
components was done, stability and balance in extension and
flexion were rechecked (Fig. 7), and any residual imbalance
was addressed through appropriate soft tissue release or
additional bony cuts to obtain a rectangular and balanced
flexion and extension gaps.
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Finally, if appropriate size was determined, an
extensive wash (Fig. 8) was conducted to remove soft
tissue and bony debris, and then cement was applied, and
the chosen implant was cemented and applied in position
(Fig. 9-10).

Follow-up

The first follow-up visit was done 2 weeks after the
surgery to check the wound and remove the stitches.

The next visit was at 1 month postoperatively and was
conducted monthly for 3 months and then every 3 months
for 1 year.

Generally, in each visit, the patients’ vital data, namely,
blood pressure, temperature, respiratory rate, and pulse,
were checked. If any abnormality was detected, patients
were investigated further to evaluate for underlying
problems.

Moreover, patients were asked if they experienced
any constitutional symptoms or chest pain as this
could have triggered cardiovascular or pulmonary
compromise.

Fig. 2. Marking the transepicondylar axis and whiteside line.
Puc. 2. 0603HauyeHWe TPAHCINUKOHAUNAPHOI 0cu M Benoii IMHUK.

Fig. 4. a — measuring jig for femoral cut, b — the 4-in-1 cutting
jig applied to the femur.

Puc. 4. a — n3mepuTenbHoe YCTPOIACTBO 1St paspe3a bepnpeHHol
KocTn, b — ycTpoiicTBo «4 B 1» AN paspesa beapeHHoit KocTu.

DOI: https://doiorg/10.17816/vt0635499

Fig. 3. a — placing distal femoral jig, b — making distal femoral cut.

Puc. 3. 0 — ycTaHoBKa avctanbHoro 6eapeHHoro dukcatopa, b —
BLINOJIHEHWE ANCTasIbHOTO BefipeHHoro paspesa.

Fig. 5. @ — measuring the proximal tibial cut, b — making a tibial
cut.

Puc. 5. a — n3MepeHue npokcuMansHoro 6onbliebepLoBoro pas-
pesa, b — BbinonHeHue bonbLuebepLoBoro paspesa.
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Fig. 6. Tibial sizing and preparation.

Puc. 6. Onpenenenne pa3mepoB M noaroToBka 6onbLuebepLioBoil
KocTm.

Fig. 8. Washing and suctioning
prior to final implant insertion.

Puc. 8. llpoMbiBaHue u otca-
CblBaHWe MNepef, OKOHYaTeNbHOM
YCTaHOBKOM UMMJIaHTaTa.

Fig. 10. Drain insertion and wound closure.
Puc. 10. YcTaHoBKa ApeHaxa W 3aKkpbiTe paHbl.
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Fig. 7. Checking the whole alignment of the limb after full trial
insertion.

Puc. 7. lposepKa NosHOro BbIpaBHUBAHWA KOHEYHOCTU Nocie non-
HOW NpO6HOM YCTaHOBKM.

Fig. 9. Placing the final tibial implant (a), final femoral implant (b), and polyethylene liner (c).

Puc. 9. YctaHoBKa oKoHuYaTenbHOro bonbLLebepLoBoro MNNaHTara (a), oKoH4aTenbHoro 6eapeHHoro
uMnnaHTara (b) n nonuaTMneHosoro BKNagbiLLa (c).

Locally, the patient's knees were checked for scars,
range of motion, pain, and any residual deformity, and an
X-ray was done.

Sample size

The minimal number of patients required was 30.
However, in the current study, 45 patients with advanced
knee osteoarthritis who have almost the same condition in
both knee joints and are candidates for bilateral total knee
arthroplasty were included.

Statistical analysis

The statistical application for social sciences version
23.0 (SPSS Inc., Chicago, Illinois, USA) was used to analyze
the recorded data. Quantitative data were presented
as mean + standard deviation and ranges. Additionally,
qualitative variables were presented as percentages and
numbers. p <0.05 was considered significant, p <0.001 was
deemed highly significant, and p >0.05 was regarded as
insignificant.
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Ethical committee

Informed written consent was obtained from the patients.
This study was conducted after approval from the Ethical
Committee of Ain Shams University Hospital and Taiba
Hospital in Kuwait City at the period for 2 years (approval
code: FWA 000017585).

RESULTS

The study was conducted in patients aged 47-75 years
(mean age: 64.29+6.23 years). Regarding sex distribution,
41 patients (91.1%) were females and 4 patients (8.9%) were
males (Table 1).

The table 2 shows that the two periods were compared
in KSS, and the preoperative and postoperative mean+SD
was 58.90+6.28 and 82.62+5.70 (mean difference: 23.72),

Table 1. Demographic data distribution among study group (n=45)
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respectively. A significantly higher mean was noted
in postoperative compared to preoperative (p <0.001).
Moreover, the FSS preoperative and postoperative mean+SD
was 51.39+8.67 and 73.80+7.75 (mean difference: 22.41),
respectively. A significantly higher mean was found in
postoperative compared to preoperative (p <0.001) (Table 2).

This table reveals that the two periods were
compared in patient expectation, and the preoperative and
postoperative mean+SD was 9.42+1.65 and 9.87+1.11 (mean
difference: 0.44), respectively. No significant difference
was noted between preoperative and postoperative
(p >0.05) (Table 3).

This table shows that the two periods were compared
regarding patient satisfaction, and the preoperative and
postoperative meanxSD was 15.24+2.45 and 32.18+4.08
(mean difference: 16.93), respectively. A significantly higher

Tabnuua 1. Pacnpepeneqve geMorpacmyeckux faHHbIX B rpynne uccnenoBaHus (n=45)

Demographic data

Total (n=45)

Gender

Female 41 (91.1%)
Male 4 (8.9%)
Age (years)

Range 471-75
MeanzSD 64.29+6.23

Table 2. Comparison between preoperative and postoperative according to KSS and FSS among patients group
Ta6nuua 2. CpaBHeHMe NpeoNepaLMoHHOro W Noc/eonepaUroHHOro NepuooB Mo CUCTEME OLEHKM KosleHHoro cycTtaBa (KSS) u dyHKum-

OHarbHoli oueHke (FSS) cpeam naumeHToB

Paired Sample t-test
KSS Range Mean+SD
MD+SE t-test | p-value
KSS
Preoperative 38-69 58.90+6.28
_ 23.72+0.67 -35.474 <0.001*
Postoperative 67-89 82.62+5.70
FSS
Preoperative 30-68 51.39+8.67
. 22.41+0.87 -25.856 <0.001*
Postoperative 60-90 73.80+7.75

Note. MD: mean difference, SE: standard error, * p-value <0.001.

MpumeyaHue. MD — cpepaHss pasHuua, SE — cTaHgapTHas owwmbka, * p <0,001.

Table 3. Comparison between preoperative and postoperative according to patient expectation among study group
Tabnuua 3. CpaBHeHe NpeAonepaLnoHHOro 1 NoCaeonepaLMoHHOro NepuosoB B COOTBETCTBUM C 0XUAAHUAMM NaLMEHTOB B rpynmne uc-

CnefoBaHus
. ) Paired Sample t-test
Patient Expectation Range Mean+SD
MD+SE t-test p-value
Preoperative 7-12 9.42+1.65
. 0.44+0.24 -1.834 0.070*
Postoperative 8-12 9.87+1.11

Note. MD: mean difference, SE: standard error, * p-value >0.05.

[pumeyaHue. MD — cpepHsa pasHuua, SE — craHgaptHas owmbka, * p >0,05

DOl https://doiorg/10.17816/vto635499
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mean was found in postoperative than in preoperative
(p <0.001) (Table 4).

This table presents that the two periods were compared
regarding hemoglobin level, and the preoperative and
postoperative mean+SD was 12.76+1.22 and 10.20+0.83 (mean
difference: -2.55), respectively. A significant decrease was
found in the mean in postoperative compared to preoperative
(p <0.001) (Table 5).

This table reveals that the two periods were compared
regarding VAS score, and the preoperative and postoperative
mean+SD was 8.62+0.93 and 1.31+1.54 (mean difference:
-7.31), respectively. A significant decrease was observed
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in the mean in postoperative compared to preoperative
(p <0.001) (Table 6).

This table shows that the two periods were compared
with regard to ROM, and the preoperative and postoperative
mean+SD was 105.56+11.20 and 114.50+8.68 (mean
difference: 8.94), respectively. A significantly higher mean
was found in postoperative compared to preoperative
(p <0.001) (Table 7).

This table shows no significant correlation between
percentage of change of KSS, FSS, patient expectation,
and patient satisfaction and different parameters (p >0.05)
(Table 8).

Table 4. Comparison between preoperative and postoperative according to patient satisfaction among study group
Tabnuua 4. CpaBHeHe NpeonepaLMoHHOro W NOC/eonepaLnoHHOro NepuooB Mo CTeneHy YA0BNETBOPEHHOCTI NaLMEHTOB B UCCefye-

MoiA rpynne
Paired Sample t-test
Patient Satisfacti R MeanzSD
atient Satisfaction ange eantS MD2SE t-test pvalue
Preoperative 6-20 15.24+2.45 .
Postoperative 12-36 32.18+4.08 16.93:0.47 36170 <0.001

Note. MD: mean difference, SE: standard error, * p-value <0.001.

lpumeqaHue. MD — cpepHss pasHuua, SE — craHpaptHas owwmbka, * p <0,001.

Table 5. Comparison between preoperative and postoperative according to hemoglobin level among study group
Tabnuua 5. CpaBHeHWe NpeonepaLnoHHOro 1 NocNeonepaloHHOro NepuUoLoB Mo YPOBHEO reMorobuHa B UccnesyeMoit rpynne

. Paired Sample t-test
Hemoglobin level Range Mean+SD MD2SE ttest pvalue
Preoperative 10-16.8 12.76+1.22 "
At discharge 9-12.2 10.20+0.83 -255¢0.16 15.579 <0.001

Note. MD: mean difference, SE: standard error, * p-value <0.001.

MpumeyaHue. MD — cpepHss pasHuua, SE — cTaHpapTHas owwmbka, * p <0,001.

Table 6. Comparison between preoperative and postoperative according to VAS score among study group
Ta6nuua 6. CpaBHeHWe NpefonepaLMoHHOT0 W NocieonepaLmMoHHOro NepUofoB Mo BU3yaslbHOWM aHasoroBoi WKane 6onu B rpynne uc-

cnepoBaHus
Paired S le t-test
VAS score Range Mean+SD alee dampe s
MD+SE t-test p-value
Preoperative 7-10 8.62+0.93
-1.31£0.17 42.840 0.001*
Postoperative 0-6 1.31£1.54 * )

Note. MD: mean difference, SE: standard error, * p-value <0.001.

[pumeqaHue. MD — cpepHss pasHuua, SE — craHgaptHas owmbka, * p <0,001.

Table 7. Comparison between preoperative and postoperative according to ROM among study group
Tabnuua 7. CpaBHeHWe npeonepauroHHOro U NocneomnepaLyoHHOro NepuooB No NoKasaTento «auanasoH Asvxenus (ROM)» B rpynne

uccneoBaHms
Paired Sample t-test
ROM R Mean+SD
ange ean MD+SE t-test | p-value
Preoperative 50-130 105.56+11.20
8.94+1.02 -8.800 0.001*
Postoperative 90-130 114.50+8.68 * )

Note. MD: mean difference, SE: standard error, * p-value <0.001 .

MpumeyaHue. MD — cpepHss pasHuua, SE — cTaHgapTHas owwmbka, * p <0,001.

DOl https://doiorg/1017816/vto635499
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Table 8. Correlation between percentage of change among pre- and postoperative according to KSS, FSS, patient expectation, and patient
satisfaction with different parameters using Pearson correlation coefficient (n=45)

Ta6bnuua 8. Koppensaums Mexay NpoLeHTOM M3MeHeHMid A0 M Nocnie onepauuy No MoKasaTesiM CUCTEMb OLIEHKM KOJIEHHOTO CycTaBa
(KSS), dyHKUMoHanbHo oueHKe (FSS), 0xXuaaHWaM naumeHTa 1 ya0BeTBOPEHHOCTH NALMEHTA Pa3fINyHbIX NAPaMETPOB C UCMOb30BaHUEM
Ko3adduumeHTa koppensiumv lNupcoHa (n=45)

Percentage Percentage
. Percentage Percentage of change of patient | of change of patient
Characteristic of change of KSS of change of FSS expectation satisfaction
r-value | p-value | r-value | p-value | r-value | p-value | r-value | p-value
Age (years) -0.063 0.680 -0.065 0.670 0.226 0.136 -0.051 0.741
Blood loss (cc) -0.058 0.704 -0.076 0.621 -0.146 0.337 -0.038 0.807
Hospital stay (days) -0.061 0.689 -0.028 0.856 -0.127 0.406 -0.023 0.883
Operative time (min) -0.212 0.161 -0.108 0.482 -0.161 0.292 -0.025 0.872
No. of transfused packed RBCs -0.0M 0.645 -0.020 0.897 -0.002 0.992 -0.041 0.789
No. of transfused plasma units -0.031 0.840 -0.124 0.419 -0.054 0.724 -0.033 0.831

Note. r — Pearson correlation coefficient, p-value >0.05.
pumeyaHue. r — Ko3apduumeHT Koppensumm Mupcona, p >0,05.

CASE 1. PATIENT 16

Age: 64 years.

Sex: Female.

Diagnosis: Bilateral advanced knee osteoarthritis.

Procedure: Bilateral simultaneous knee arthroplasty.

Assaciated illnesses: Hypertension.

Postoperative follow-up: No postoperative complications
were encountered.

Length of hospital stay: 6 days.

Knee Society score:

Characteristic Preoperative Postoperative Fig. 12. Lateral preoperative x-ray right and left knees showing
Objective KS 52 86 osteoarthritis.
Functional KS 40 70 Puc. 12. MpeponepaumoHHas bokoBas peHTreHorpaMMa npaBoro
Expectation 12 12 1 NIEBOr0 KoJleHa C MpU3HaKaMu 0CTeoapTpuTa.
Satisfaction 14 34

Operative time: 150 minutes.
Amount of blood loss in the operation: 600 cc.

Characteristic Preoperative Postoperative
VAS score 8 0
Hemoglobin 10.3 10.2

Radiological assessment (Fig. 11-14)

»TANDING
(o7

Fig. 13. Ap postoperative x-ray showing bilateral total knee
Fig. 11. Ap preoperative x-ray showing bilateral knee osteoarthritis.  arthroplasty.

Puc. 11. MpenonepaunoHHas peHTreHorpaMMa ¢ ABYCTOpoHHMM  Puc. 13. MocreonepaumMoHHas peHTreHorpamMMa C [BYCTOPOHHEi
0CTE0APTPUTOM KOIEHHOMO CYCTaBa. TOTa/bHOI apTPON/IACTUKO! KONEHHOMO CYCTaBa.
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Fig. 14. Lateral postoperative x-ray right and left knees showing
bilateral total knee arthroplasty.

Puc. 14. TNMocneonepaunoHHas 6okoBas peHTreHorpaMMa npaeoro
1 NeBOro KOMEeHa, [eMOHCTPUpYIOLLAs [BYCTOPOHHIOW TOTasbHYI0
apTPONNIACTUKY KONMEHHOrO CycTaBa.

Fig. 16. Lateral preoperative x-ray right and left knees showing
osteoarthritis.

Puc. 16. MNpenonepaunoHHas 6oKoBas peHTreHorpaMMa npaBoro
W NEBOrO KOMeHa C NpU3HaKaMyW 0CTeoapTpuTa.

CASE 2. PATIENT 3

Age: 67 years.

Sex: Female.

Diagnosis: Bilateral advanced knee osteoarthritis.

Procedure: Bilateral simultaneous knee arthroplasty.

Assaciated illnesses: DM and hypertension.

Postoperative follow-up: No postoperative complications
were encountered.

Length of hospital stay: 6 days.

Knee Society score:

Characteristic Preoperative Postoperative
Objective KS 61 82
Functional KS 55 66
unc |on.a Fig. 17. Ap postoperative x-ray showing bilateral total knee
Expectation 7 10 arthroplasty.
Satisfaction 18 30 Puc. 17. MNocneonepaLyoHHas peHTreHorpaMMa C [1ByCTOPOHHeI!

Operative time: 130 minutes. TOTaNbHO/ apTPOMNIACTUKO KONEHHOTO CyCTaBa.

Amount of blood loss in the operation: 700 cc.

Characteristic Preoperative Postoperative
VAS score 8 3
Hemoglobin 11.3 9.9

Radiological assessment (Fig. 15-18)

Fig. 18. Lateral postoperative x-ray right and left knees showing
bilateral total knee arthroplasty.

Puc. 18. MocneonepaunoHHas 6oKoBas peHTreHorpamma npaBsoro

W JIEBOTO KOJIEHa, AEMOHCTPUPYIOLAs ABYCTOPOHHION TOTa/bHYH
apTPOMNNACcTUKY KOMEHHOTO CyCTaBa.

Fig. 15. Ap preoperative x-ray showing bilateral knee osteoarthritis.

Puc. 15. lNpeponepaunoHHas peHTreHorpaMMa C [ABYCTOPOHHUM
0CTE0apPTPMTOM KONEHHOMO CyCTaBa.
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CASE 3. PATIENT 24

Age: 60 years.

Sex: Female.

Diagnosis: Bilateral advanced knee osteoarthritis.

Procedure: Bilateral simultaneous knee arthroplasty.

Associated illnesses: DM and hypertension.

Postoperative follow-up: No postoperative complications
were encountered.

Length of hospital stay: 6 days.

Knee Society score:

Fig. 20. Lateral preoperative x-ray right and left knees showing

Characteristic Preoperative Postoperative :Steoazr;hrli;is_ 6
- uc. 20. NpenonepaunoHHas 60KoBas peHTreHorpamMMa npaBoro
Objective KS 68 88 1 NIEBOTO KOJMEHa C MpU3HaKaMM 0CTeoapTpuTa.
Functional KS 50 80
Expectation 12 10
Satisfaction 16 34

Operative time: 130 minutes.
Amount of blood loss in the operation: 650 cc.

Characteristic Preoperative Postoperative
VAS score 8 0
Hemoglobin 14.1 10.4

Radiological assessment (Fig. 19-22)

STANDING

Fig. 19. Ap preoperative x-ray showing bilateral knee osteoarthritis.

Puc. 19. MpeponepaunoHHas peHTreHorpaMMa C [BYCTOPOHHWM
0CTE0aPTPUTOM KOJIEHHOrO CYCTaBa.

CASE 4. PATIENT 25

Age: 65 years.

Sex: Male.

Diagnosis: Bilateral advanced knee osteoarthritis.

Procedure: Bilateral simultaneous knee arthroplasty.

Associated illnesses: No associated comorbidities.

Postoperative follow-up: No postoperative complications
were encountered.

Length of hospital stay: 6 days.

DOI: https://doiorg/10.17816/vt0635499

Fig. 21. Ap postoperative x-ray showing bilateral total knee
arthroplasty.

Puc. 21. MNocneonepaunoHHas peHTreHorpaMMa C ABYCTOPOHHEN
TOTaNbHOI apTPONNACTUKON KONEHHOro CycTaBa.

Fig. 22. Lateral postoperative x-ray right and left knees showing
bilateral total knee arthroplasty.

Puc. 22. NMocneonepaunoHHas 6okoBas peHTreHorpaMMa npaBoro
W NIEBOrO KOJEHA, JEMOHCTPUPYIOLLAs [BYCTOPOHHIO TOTasbHYI0
apTPOMNIACTUKY KONEHHOrO CycTaBa.

Knee Society score:

Characteristic Preoperative Postoperative
Objective KS 54 78
Functional KS 60 80
Expectation 8 n
Satisfaction 14 34
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Operative time: 180 minutes.
Amount of blood loss in the operation: 1000 cc.

Vol. 32 (1) 2025

Characteristic Preoperative Postoperative
VAS score 10 1
Hemoglobin 12.6 9.4

Radiological assessment (Fig. 23-26)

Fig. 23. Ap preoperative x-ray showing bilateral knee osteoarthritis.

Puc. 23. lpenonepaumoHHas peHTreHorpamMMa C ABYCTOPOHHUM
0CTE0apTPUTOM KOJIEHHOrO CyCTaBa.

Fig. 24. Lateral preoperative x-ray right and left knees showing
osteoarthritis.

Puc. 24. MNpeponepauuorHas 6oKoBas peHTreHorpamMMa npasoro
1 NEBOrO KOJeHa C NpU3HaKaMMW ocTeoapTpuTa.

DISCUSSION

Approximately one-third of knee replacement patients
exhibit degenerative joint disease symptoms bilaterally
and encounter problems in the contralateral knee joint
following replacement of the other joint due to altered
biomechanincs with subsequent increased loading of
the other uninvolved knee, resulting in accelerated joint
disease in the uninvolved knee and limb length discrepancy
and increased incidence of contralateral hip replacement
after unilateral knee replacement; thus, replacements of
both knee joints are usually indicated in advanced knee
osteoarthritis [3].

This can be performed in two separate sessions, with
one knee following the other by few months as a staged

DOl https://doiorg/1017816/vto635499
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Fig. 25. Ap postoperative x-ray showing bilateral total knee
arthroplasty.

Puc. 25. MNocneonepaunoHHas peHTreHorpamMMa C ABYCTOPOHHEN
TOTaNIbHOM apTPONNACcTUKON KOJIEHHOMO CyCTaBa.

Fig. 26. Lateral postoperative x-ray right and left knees showing
bilateral total knee arthroplasty.

Puc. 26. lNocneonepaunoHHas bokoBas peHTreHorpaMma npaBsoro
W NEeBOro KojieHa, [EMOHCTPUPYIOLLAs ABYCTOPOHHION TOTaslbHYH0
apTPONNAcTUKY KONEHHOro CycTaBa.

procedure, or by replacing both knee joints in the same
session as a simultaneous procedure [4].

The simultaneous procedure involves one surgical
event with single anesthetic exposure, whereas the staged
procedure requires two operations under double anesthetics
exposure, separated by a variable time interval depending on
the preference of the patient and surgeon. The advantages of
simultaneous procedure include reduced hospital stay and
costs, a single anesthetic exposure, and decreased overall
rehabilitation time and, in some cases, patient preference [5].

In contrast, various cardiac and respiratory complications
of simultaneous bilateral total knee replacement have been
reported. Difference in the rate of complications between
simultaneous and staged bilateral knee replacement remains
controversial [6].
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Concerns regarding the safety of simultaneous bilateral knee
replacement have been noted, leading to hesitation to offer this
procedure to patients. Several studies that examined the safety
of simultaneous bilateral knee replacement are nonconclusive,
making it difficult to reach a clear outcome. Some studies have
demonstrated that staged procedures are safer and produce
better outcomes than simultaneous procedure [7].

Moreover, other studies have described the mortality
rate [8] and serious complications, including DVT, PE,
and cardiovascular events, associated with simultaneous
procedure [9].

The present study aimed to investigate simultaneous
bilateral total knee replacement based on complications
such as surgical site infection, DVT, PE, cardiac events,
and patient satisfaction measured by the new Knee Society
Score and compare the results to those in the literature and
thus provide a clear guideline for the appropriate choice of
patients suitable for single-stage simultaneous bilateral
total knee arthroplasty. The study included 45 patients with
the same inclusion and exclusion criteria.

The study was conducted on a wide age group ranging
from 47 to 75 years, (mean age of 64.29+6.23 years). As
regards sex distribution, there was female predominance
with 41 females with percentage 91.1% and 4 males
with percentage 8.9%. Regarding patient satisfaction,
the comparison of Preoperative and Postoperative was
15.24+2.45, compared to 32.18+4.08 respectively, the mean
difference 16.93.

In comparing Objective knee score by using the Knee
Society Scoring system, in each of Preoperative and
Postoperative was 58.90+6.28, compared to 82.62+5.70
respectively, the mean difference 23.72. Also, the
comparison in Functional knee score with the mean+SD
in each of Preoperative and Postoperative was 51.39+8.67,
compared to 73.80+7.75 respectively, the mean difference
22.41. Among the study population (45) patients, 4 patients
(8.9%) had complications out of them 3 patients (6.7%)
had superficial infection and one patient (2.2%) had acute
coronary syndrome.

Alghadir et al. [10] studied 50 patients who underwent
simultaneous bilateral knee arthroplasty between 2016
and 2019. The average age (mean+SD) of the patients was
61.849.2 years, whereas in our study, the mean age was
64.29+6.23 years. The preoperative and postoperative
mean+SD VAS score was 8.9+1 and 2.2+1.2 (mean difference:
-6.7), respectively. In the present study, it was 8.62+0.93
preoperatively and 1.31+1.54 postoperatively, with a mean
difference of -7.31.

Levy et al. [11] conducted a study on 116 patients who
underwent simultaneous bilateral knee arthroplasty between
January 2009 and December 2016. The average age of the
patients was 69 years. The preoperative and postoperative
KSS objective score was 41.7 and 75.8, respectively, and
in the current study, it was 58.9 preoperatively and 82.62
postoperatively.
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The preoperative and postoperative KSS functional score
was 34 and 68.2, respectively. In the present study, it was
51.39 preoperatively and 73.8 postoperatively. Moreover, the
preoperative and postoperative patient expectation was 13.8
and 10.6, respectively. In our study, it was 9.42 preoperatively
and 9.87 postoperatively. In Levy et al.’s study, the mean
operative time was 75.8 (48—120) minutes, whereas in our
study, it was 145.67 (100-200) minutes. Additionally, in their
study, the mean length of hospital stay was 8.2 (4-21) days,
whereas in our study, it was 6.33 (6-10) days.

Wan et al. [12] performed a study on 95 patients who
underwent simultaneous bilateral knee arthroplasty between
January 2016 and December 2017.

The average age (mean#SD) of the patients was
65.615.31 years. In this study, the mean length of hospital
stay was 6.64 (3-12) days. Furthermore, the mean operative
time was 152.8 (68—278) minutes, and in our study, it was
145.67 (100-200) minutes. In Wan et al.’s study, the average
hemoglobin drop was 3.03 g/dl, with a mean preoperative
Hb of 13.5 g/dl and mean postoperative Hb of 10.47 g/dl. In
our study, the average hemoglobin drop was 2.55 g/dl, with
a mean preoperative Hb of 12.76 g/dl and mean postoperative
Hb of 10.20 g/dL.

Gromov et al. [13] carried out a retrospective study
on 284 patients who were selected to receive bilateral
simultaneous knee arthroplasty between 2008 and 2014
and followed up to detect postoperative complications.
Two patients (0.7%) were reported to develop DVT and two
patients (0.7%) had PE.

In our study, the DVT and PE rates were 0%, with no
patients reported to have developed each of these conditions.

Regarding cardiac events, mainly chest pain and cardiac
ischemia, in Gromov et al.'s study, four patients (1.4%) were
reported to develop cardiac events, whereas in our study,
1 patient (2.2%) was reported to develop cardiac ischemia that
was managed medically. Moreover, infection rate was measured
in Gromov et al.’s study. Eight patients (2.8%) were found to
have infection. Six of them required surgical debridement, and
two were treated medically. In our study, three patients (6.7%)
were reported to have infection. All of them were managed
medically with antibiotics until improvement was noted. None
of them required surgical debridement.

Sarzaeem et al. [14] performed a prospective cohort
study from 2013 and 2015, wherein 60 patients underwent
simultaneous bilateral knee replacement. In this study, no
patients developed DVT, which is the same as in our study.

Wong et al. [15] retrospectively studied 413 patients who
were selected to receive simultaneous bilateral knee arthroplasty
between 2008 and 2013 and followed up the patients to detect
postoperative complications. Eleven patients (2.7 %) were found
to develop DVT, and eight patients (1.9 %) had PE.

Regarding cardiac events, such as chest pain and cardiac
ischemia, in Wong et al.’s study, only one patient (0.2%) was
reported to develop cardiac ischemia (myocardial infarction),
whereas in our study, one patient (2.2%) was found to have
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cardiac ischemia that was managed medically. Additionally,
infection rate was measured in Wong et al.'s study. Four
patients (0.97%) were detected to have infection and were
managed medically. In our study, none of the patients
required surgical debridement.

Liu et al. [16] conducted a meta-analysis of 18 studies
between January 2000 and October 2018 and discussed
complications following simultaneous bilateral knee
arthroplasty.

Twelve studies reported DVT in 1.39% of patients who
underwent simultaneous bilateral knee replacement. Eight
studies in the meta-analysis reported PE, with an estimated
incidence of approximately 0.95%. In the current study, the
incidence of PE was 0%.

Mardani-Kivi et al. [17] retrospectively analyzed
272 patients who underwent simultaneous bilateral knee
replacement between 2009 and 2016 and assessed their
postoperative knee scores and complications.

Two patients (0.73%) were reported to develop DVT, and
15 patients (5.51%) had PE.

In this study, the infection rate was measured, and only
1 case (0.36%) of infection was found, which was managed
medically.

Najfeld et al. [18] performed a retrospective study on
53 patients who underwent simultaneous bilateral knee
replacement between January 2017 and December 2020 and
assessed operation time and surgical and medical complications.

In this study, the average hemoglobin drop was 2.4 (g/dl),
with a mean preoperative Hb of 14.1 g/dl and mean
postoperative Hb of 11.7 g/dl. In this study, the mean length
of hospital stay was 8 (4-16) days.

Further studies with a larger sample size is required to
determine such criteria.

Limitation
A definitive criterion for selection of suitable patients for

bilateral simultaneous knee arthroplasty was not set because
of the limited number of complications.

CONCLUSION

Bilateral simultaneous total knee arthroplasty can be safe
and induce low mortality and complication rates with careful
preoperative patient selection.
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AOMO/IHUTE/IbHO

Brnap aBTopoB. Bce aBTopbl 0806pMamn huHanbHylo Bepcuio nepes,
nybnvKaLmen, a Takxke CornacunmCcb HeCTV 0TBETCTBEHHOCTb 3a BCe
acreKTbl paboThl, rapaHTMpys HafJiexalliee pacCMOTpeHVe U pe-
LLEHVe BOMPOCOB, CBA3aHHBIX C TOYHOCTHIO M A0OPOCOBECTHOCTBIO
niobow eé vactu.

NcTounnkmn dmHaHcupoBaHus. OTcyTCTBYIOT.

PackpbiTie nHTepecoB. ABTOpbI [LeK/IapVpYHOT OTCYTCTBME ABHBIX U
MOTEHLMaNbHbIX KOH(PIMKTOB WHTEPECOB, CBA3aHHbLIX C NPOBEAEH-
HbIM MCCMIELOBaHWEM W NyBIMKaLMEN HACTOALLLEN CTaTbu.
OpuruHanbHocTb. [1py co3aaHMM HACTOsILLIEN PaboThl aBTOPbI He MC-
nonb30Banu paHee onybIMKoBaHHbIe CBEAEHNA (TEKCT, AaHHbIE).
leHepaTMBHLIN MCKYCCTBEHHbIM MHTEJUIEKT. [Ipy co3faHnn Ha-
CTOAILLIEV CTaTbW TEXHONOTWW TeHePaTMBHOMO UCKYCCTBEHHOMO WH-
Te/NeKTa He 1Cnosb30Bay.

WHdopMupoBaHHoe cornacue. ABTOPbI MOAYYMIM MMCEMEHHOE CO-
rnacue NaLyeHToB Ha NyBMKaLMIO MX MEAULMHCKUX LaHHbIX.
PaccMoTpenue u peueHsupoBaHme. HacToswas paboTa nogaHa
B )XYPHan B MHWLMATMBHOM MOPALKE W pacCMOTPeHa No 0bbIYHOM
npoueaype. B peLieH3MpoBaHnM yyacTBOBaM [Ba BHELLHWX pe-
LIeH3€HTa, YeH pefakLIMOHHON KOIMErn N Hay4HbIN pefakTop
M3AaHnA.

3. Mindermann A, Dyrby CO, Andriacchi TP. Secondary
gait changes in patients with medial compartment knee
osteoarthritis: increased load at the ankle, knee, and hip
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