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Abstract

Introduction: Implants designed for Cruciate Retaining (CR) Total Knee Arthroplasty (TKA) are a
relatively novel development. Medial dished tibial inserts have a more constraining medial side,
which allows for similar kinematics and function to a native knee. The purpose of this study was
to analyze clinical and patient-reported outcomes following CR TKA using a kinematically-
designed system.

Methods: A multicenter retrospective review of 139 patients who underwent primary elective
TKA utilizing a novel kinematically designed CR Knee System (JOURNEY™ II CR Medial Dished;
Smith and Nephew, Memphis, TN) between February 2022 and July 2023 was conducted. Patients
from three different institutions with at least two years of follow-up were included in this study.
Demographic information, clinical outcomes and Patient-Reported Outcome Measures (PROMs)
were collected and analyzed.

Results: Our study included 139 TKA patients. The average age was 66.1 years and 37.4% of
patients were male and 62.6% were female. The primary diagnosis for all patients was primary
Osteoarthritis (OA). The average length of stay was 1.3 days and 95% of patients were discharged
home. The remaining 5% went to a Skilled Nursing Facility (SNF). Within 90 days of surgery, two
patients visited the Emergency Department (1.4%) and six patients were readmitted (4.3%). The
two-year implant survivorship rate was 98.6%, with two patients undergoing revisions: one for
Periprosthetic Joint Infection (PJI) and one for wound dehiscence. The average increase in KOOS,
JR scores from preoperative to two-years postoperative (25.9) reached the minimal clinically
important difference (16.2 to 35.6).

Conclusion: The high survivorship rate and significant increase in PROMs indicates that a
medially constrained, CR tibial insert is a safe and effective option for use in TKA. Further research
is warranted in studying long-term survivorship.

Keywords: Total Knee Arthroplasty; Cruciate Retaining; Osteoarthritis; Periprosthetic Joint Infection

Introduction

With approximately 719,000 procedures projected to be performed annually by 2040, Total Knee Arthroplasty (TKA) is
considered one of the most common surgeries performed in the U.S. [1]. Despite the rising number of TKA, only 81% of the
operated patients are satisfied after their procedure. That leaves 19% very dissatisfied, dissatisfied or neutral. The pain relief
satisfaction varies from 72% to 85% depending on the activity in question [2,3]. These numbers indicate room for improvement
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of TKA, to better alleviate pain and restore functionality of the knee.

In recent years, new implant techniques and models have emerged, all striving to improve long-term outcomes, joint function
and patient satisfaction. While currently the Cruciate-Retaining (CR) and Posterior-Stabilizing (PS) are the most commonly used
implants, several implant designs that guide the motion of the medial compartment have been increasing in popularity. These
implants attempt to replicate the physiological kinematics of the knee joint by relying on the Medial Pivot (MP) motion of the
medial compartment and reduced lateral congruence [4]. An alteration of these concepts is the newly developed Medial Dished
(MD) insert which relies on an asymmetrically designed insert with more medial congruency to promote sufficient joint rotation
rather than fully adopting a medial pivot design. These designs are intended to closely mimic the natural geometry and
kinematics of the knee joint and are theorized to lead to enhanced contact stresses, decreased polyethylene wear and a more
accurate restoration of physiological knee kinematics [5-7].

The goal of this study is to evaluate clinical outcomes and implant survivorship of a kinematically aligned TKA with a novel
tibial medial dished liner design with a follow-up period of at least two years. Specifically, we aim to assess the incidence of
complications and revisions, Patient-Reported Outcome Measures (PROMs) and the overall survivorship of the MD design.

Methods

Study Design

A retrospective study of 139 patients from three institutions was done to evaluate the clinical and satisfactory outcomes of a
kinematically-aligned TKA with a novel medial dished tibial insert design (JOURNEY™ II CR Medial Dished; Smith and
Nephew, Memphis, TN). Institutional Review Board (IRB) approval was received before initiating any investigation. Patients
that underwent primary, elective TKA using the above system between February 2022 and July 2023 with at least two years of
follow-up were included in the study. This resulted in our final cohort of 139 knees having the medial dish tibial insert utilized
in their CR TKA articulation.

Data Collection and Measures

To evaluate this novel system, demographic, intraoperative, implant information, short-and mid-term clinical outcomes and
PROMs were recorded. All information was obtained through retrospective chart review of patients” Electronic Medical Records
(EMR) (EPIC, Verona, Wisconsin).

The demographic variables were sex, age, race, smoking status, insurance status, American Society of Anesthesiology (ASA)
score, Body Mass Index (BMI), Charlson Comorbidity Index (CCI) and primary diagnosis. The intraoperative and implant
variables collected included operative time, type of anesthesia, laterality, patellar resurfacing/fixation and bearing surface. The
short-term clinical outcomes included Length Of Stay (LOS), discharge disposition, 90-day Emergency Department (ED) visits
and 90-day readmissions. The long-term clinical outcomes measured were incidence and indication of revisions. Knee injury and
Osteoarthritis Outcome Score for Joint Replacement (KOOS, JR) scores were evaluated preoperatively, six months
postoperatively and two years postoperatively.

Data Analyses

Excel software (Microsoft Corporation, Richmond, WA) and Statistical Package for the Social Sciences (SPSS) (Version 28; IBM
Corporation, Armonk, NY) were utilized to organize and analyse data. Statistical significance was reached at P-values below
0.05. The frequencies of nominal and ordinal variables were calculated as a percentage. The means, ranges and standard
deviations were calculated for ratio and interval variables. A Kaplan-Meier Survivorship analysis was done to assess implant
survivability up to two years following primary TKA. The minimum clinical significance was calculated using a distribution-
based method, where the range was plus or minus one-half of a standard deviation from the mean [8].

Results

The primary diagnosis for all 139 TKAs was primary osteoarthritis. The average patient age was 66.1 years, with the youngest
patient being 39 years old and the oldest being 85. The cohort was slightly more than half female patients (n = 87, 62.6%). The
remaining 37.4% were male (n = 52). There were 102 White patients (73.4%), one Latino or Hispanic patient (0.7 %), 22 Black or
African American patients (15.8%), four Asian patients (2.9%) and 10 patients who identified as “Other” (7.2%). Very few patients
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were current smokers (n = 3, 2.2%). There were 63 former smokers (45.3%) and 73 patients who were never smokers (52.5%).
Most patients had an ASA score of two or three (n =93, 66.9%; n =41, 29.5%, respectively). There were four patients with an ASA
score of one (2.9%) and one patient with an ASA score of four (0.7%). The average BMI was 31.1, ranging from 19.31 to 51.02. The
mean CCI score was 3.3, with scores ranging from 0 to 13. The average time to follow-up was 742.5 days, with the longest follow-
up being 1036 days, or nearly three years (Table 1).

The average operative time was 97.3 minutes, with the shortest surgery being 74 minutes and the longest being 196. Most patients
received spinal/regional/block anesthesia (n = 135, 97.1%). The remaining four patients went under general anesthesia (2.9%).
There were nearly equal right and left TKAs performed (n = 71, 51.1%; n = 67, 48.2%, respectively). One patient underwent
simultaneous bilateral TKA (0.7%) (Table 2).

Patella resurfacing data was collected as well. Of these patients, 108 had cemented fixation (77.7%) and 12 were press-fit (8.6%).
The remaining 19 patients did not have a resurfaced patella (13.7%). Nearly three-quarters of patients had a cobalt chrome-on-
polyethylene bearing surface (n = 100, 71.9%). The remaining 28.1% of patients had an oxidized zirconium-on-polyethylene
bearing surface (n =39) (Table 2).

We measured both short- and mid-term outcomes (Table 3, Table 4). The average length of stay was 1.3 days, with the shortest
stay being 0.3 days and the longest being just over a week at 7.2 days. The majority of patients were discharged home (n =132,
95.0%). All seven patients that were discharged to a facility went to SNF (5.0%). There were two patients that visited the ED
within 90 days of surgery (1.4%). The readmission rate was slightly higher (4.3%), as six patients were readmitted within 90 days
of surgery. Two patients were admitted for manipulation under anesthesia and one for deep vein thrombosis. The remaining
three patients were admitted for syncope, psychiatric reasons and angiodysplasia of stomach and duodenum with bleeding.
There was a high implant survival rate of 98.6%, with just two patients undergoing a revision surgery within two years, as shown
in the Kaplan-Meier graph (Fig. 1, Table 4). One patient was indicated for surgery due to PJI and the other for wound dehiscence.

KOQOS, JR scores were recorded preoperatively, at six months and at two years (Table 5). The averages for these time periods
were 46.2, 61.8 and 73.3, respectively. The change in this score from the preoperative period was also calculated. At six months,
the average increase in KOOS, JR was 17.8 points and at two years, it was 25.9 points. (P<0.001 for both). Using a distribution-
based approach, the minimum clinically significant difference was calculated to be between 9.5 and 26.2 six months
postoperatively and between 16.2 and 35.6 two years postoperatively. The average changes in KOOS, JR at each time point fell
into their respective ranges. These results showed both statistical and clinical significance.

Knees (1 =139)
Sex, n (%)
Male 52 (37.4)
Female 87 (62.6)
Age (yr) [range] 66.1 [39 to 85]
Race, n (%)
White 102 (73.4)
Latino or Hispanic 1(0.7)
Black or African American 22 (15.8)
Asian 4(2.9)
Other 10 (7.2)
Smoking status, n (%)
Current 3(2.2)
Former 63 (45.3)
Never 73 (52.5)
ASA score, 1 (%)
1 4(2.9)
2 93 (66.9)
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3 41 (29.5)
4 1(0.7)
BMI (kg/m?) [range] 31.1[19.31 to 51.02]
CCI 3.3 [0 to 13]
Primary diagnosis, 1 (%)
Primary OA 139 (100)
Post-Traumatic OA 0
Time to follow-up (days) (SD) 742.5 (123.3)

RA: Rheumatoid Arthritis

ASA: American Society of Anesthesiologists; BMI: Body Mass Index; CCI: Charlson Comorbidity Index; OA: Osteoarthritis;

Table 1: Patient demographics.

Knees (1 =139)
Operative time (min) [range] 97.3 [74-196]
Anesthesia, 11 (%)
General 4(2.9)
Spinal/Regional/Block 135 (97.1)
Laterality, n (%)
e Right 71 (51.1)
o Left 67 (48.2)
e Bilateral 1(0.7)
Patellar Resurfacing/Fixation, n (%)
e Cemented 108 (77.7)
e Press Fit (Cementless) 12 (8.6)
¢ Non-Resurfaced 19 (13.7)
Bearing Surface, n (%)
¢ Oxidized Zirconium-on-Polyethylene 39 (28.1)
e Cobalt Chrome-on-Polyethylene 100 (71.9)

Table 2: Intraoperative and implant variables.

Knees (n =139)
Mean LOS (days) [range] 1.3[0.3 to 7.2]
Discharge Disposition, n (%)

Home 132 (95.0)

SNF 7 (5.0)
ARF 0

90-Day ED Visits, n (%) 2 (1.4)
90-Day Readmissions, n (%) 6 (4.3)
Angiodysplasia of stomach and duodenum with bleeding 1(0.7)
MUA 2 (1.4)
DVT 1(0.7)
Syncope 1(0.7)
Psychiatric 1(0.7)

LOS: Lengths of hospital Stay; SNF: Skilled Nursing Facility; ARF: Acute Rehabilitation Facility; ED: Emergency

Department; PJI: Peri-prosthetic Joint Infection.

Table 3: Short-Term clinical outcomes.
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Knees (n =139)

Revisions, n (%) 2(14)
PJI (Explant with spacer) 1
Wound Dehiscence (I&D with poly exchange) 1

PJI: Peri-prosthetic Joint Infection

Table 4: Mid-Term clinical outcomes.

Knees P-value Minimum Clinical
(n =139) Significance Range
Mean KOQOS, JR (SD)
Preoperative 46.2 (16.5)
6 months 61.8 (13.5)
2 years 73.3 (15.7)
A Preop to 6 months 17.8 (16.7) <0.001 9.5 to 26.2
A Preop to 2 years 25.9(19.4) <0.001 16.2t035.6
KOOS, JR: Knee injury and Osteoarthritis Outcome Score for Joint Replacement

Table 5: Patient Reported outcome measures.
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Figure 1: Kaplan-Meier survivorship analysis.
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Discussion

The use of a medial dished tibial insert in CR TKA has demonstrated very good clinical outcomes and excellent implant
survivorship within a two-year follow-up period. In terms of clinical outcomes, patients reported a vast improvement regarding
pain management, activity endurance, functionality in sports and overall quality of life, as exhibited by the statistically and
clinically significant improvement in KOOS, JR scores, both six months and two years postoperatively.

With the numbers of TKA rising annually, so is the need for better patient satisfaction and advancement in implant design. As
is evident from previous clinical and radiographic studies as well as in-vivo analyses, the natural knee joint does not function in
four-bar mechanism [4,9,10]. Rather, it is relatively constrained medially and is subject to rotational and translational movements
in the less constrained lateral compartment. Based on these concepts, the physiological kinematics of the knee joint can be
recreated using specific insert design; the medial dished insert incorporated asymmetrical design allows a more medial
congruency facilitating natural joint motion with an excellent implant survivorship of 98.6% within two years of follow-up.

Regardless of the remarkable above 90% CR and PS implants” 10-year overall survivorship rates, previous studies have shown
that around 20% of the patients are dissatisfied with the outcomes [11-13]. Some studies have shown associations between certain
demographic characteristics and patient satisfaction [13,14]. Another potential reason for patient dissatisfaction and decreased
functional outcomes is due to the design of CR and PS prostheses, which are associated with abnormal kinematics such as
paradoxical motion, mid-flexion instability and insufficient roll-back [15-17]. As a solution to these abnormalities, the Medial
Stabilized (MS) concept was introduced in the 1990s, featuring a highly conforming medial compartment with reduced lateral
congruency and developed to imitate the physiological asymmetric knee constraint [18]. A systemic review evaluated the mid-
term outcomes of MS prosthesis, while comparing them to standard CR and PS articulations and demonstrated a 5-year
comparable survivorship of around 96.5%, lower revision rates (2.4 vs. 13 and 7.2%, respectively) and improved stability [19-21].
Furthermore, patients who had an MS prosthesis demonstrated a considerable improvement in a variety of functional scores,
specifically KOOS, JR, with an average of 39.3 increase between preoperative and 2-year follow-up [19]. Ultimately, this study
concluded that the use of medially stabilized TKAs results in superior high-end function [19]. The medial dished insert
investigated in our patient cohort has demonstrated similar high survivorship rates and significant changes in functional
outcomes scores. However, even though some reported cases required revision surgery, none of these cases were due to implant
longevity issues. Nonetheless, future studies should investigate the long-term survivorship rates, PROMs and complications to
better compare the implant to its variants.

Perhaps the only tibial insert that exists in the current market and has a comparable effect to the medial dished design, is the
Medial Congruent (MC) tibial insert. In contrast to the MS concept which uses a true ball-in-socket design, the MC inserts rely
on highly congruent medial polyethylene insert for their stability. Similar to the MD insert’s philosophy, the MC design aims to
restore not only stability but also native knee kinematics through a moderately confined medial compartment with most of the
rolling and translation occurring in the lateral compartment of the knee [22]. Through the increased anterior lip height, more
posterior swell point and modified sagittal congruency, the MC bearing design contributed to greater tibial external rotation
than the CR design during the extension phase of the swing, known as the “screw-home mechanism” [23]. Frye, et al,,
investigated the outcomes of MC, CR and PS inserts and found that while the outcomes did not differ drastically, the MC design
resulted in less pain and higher range of motion compared to the PS group, in addition to an increased FJS-12 score when
measured against the CR group [23]. Another study reported better clinically assessed knee flexion range of motion in patients
with a MC vs. PS insert design [24]. When comparing MC and CR inserts, the literature is somewhat inconsistent. In a double-
blinded randomized controlled study comparing these two designs, the MC demonstrated closer physiological knee function as
well as improved patient satisfaction, specifically in regaining confidence during daily activities [24]. Nonetheless, there are
studies in which there was no significant difference found between the novel design and the standard CR concept. In a
randomized study of 60 patients provided with either a CR or a MC insert, implant migration was analyzed and no significant
variation in implant survivorship or PROMs between the two groups was detected [25].

One study comparing the PS design to the MC design found a significantly greater improvement in the PS group at three months
postoperative as compared to the MC group [26], however, one year postoperatively, both groups had similar outcomes [26].
Regardless, a major disadvantage of the PS design is the accessory femoral box cut which can compromise bone stock and femoral
condylar strength that may be needed in future revision cases [27].
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Knee instability is one of the leading causes of early implant failure following primary TKA [29]. Therefore, the interplay between
sufficient stability and optimal range of motion should be managed meticulously, as more constraint can increase the risk of
early implant loosening and implant failure. A study investigating the outcomes of PS vs. MC implants reported that once
adequate intra-operative stability was achieved, the lowest level of intra-articular constraint contributed to an improved range
of motion at final follow-up visit [27]. Theoretically, increased congruency may improve natural knee kinematic stability.
However, it is still debatable whether a high level of congruency can potentially increase the risk of early implant loosening.
Future in vivo studies comparing the various degrees of constraints, congruency and stability in terms of clinical outcomes are
required in order to study this.

Limitations

This study has several limitations that should be acknowledged. As a retrospective analysis, it includes a risk for bias such as
selection bias and possible confounding variables missed during data collection. Moreover, with lack of a control group, the
confounders may not have been controlled accurately. Due to the single center setting, the enrolled patients may be less
heterogenic and may lead to a decrease in external validity, meaning that the results may not apply to all patient demographics.
Furthermore, our sample size of 139 can be considered small, leading to decreased generalizability. However, our study is first
to report this specific implant design which has not been studied previously.

Conclusion

This novel tibial insert is a promising and successful alternative to standard CR and PS implants, taking another step towards a
more naturally working knee joint. In the future further studies are needed to assess the long-term outcomes of medially
stabilizing implant designs regarding functionality, joint stability, kinematics and patient satisfaction.
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