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Background: Cruciate-retaining (CR) total knee arthroplasty (TKA) may provide better physiological knee kinematics, propriocep-
tion, and quadricep recovery than posterior-stabilized (PS) TKA. Therefore, we hypothesized that CR TKA with multimodal pain
control may provide comparable postoperative pain and recovery as unicompartmental knee arthroplasty (UKA).

Methods: This study included patients with isolated medial compartment knee osteoarthritis who underwent CR TKA and UKA.
TKA and UKA patients were propensity score-matched with age and body mass index (BMI) and compared using visual analog scales
(VAS) for pain scores, total amount of morphine use (TMU), knee flexion angle, straight leg raise (SLR), independent ambulation,
length of hospital stay (LOS), and costs during hospitalization.

Results: After propensity score matching, 46 patients were included in the TKA and UKA groups, respectively, with no differences in
demographic data. VAS at 672 h and TMU at 48 h after surgery were comparable between the groups. The knee flexion angle in the
UKA group was significantly higher at 24 h (60.0° vs 46.6°; p<0.001) and 48 h (76.9° vs 69.1°; p = 0.021) than that in the TKA group.
The SLR in the UKA group was significantly higher than that in the TKA group at 24-72 h. The UKA group ambulated significantly
earlier (1.56 vs 2.13 days; p<0.001), had shorter LOS (3.68 vs 4.28 days; p<0.004) and incurred 12.43% lower costs when compared to
the TKA group.

Conclusion: Patients who underwent CR TKA with multimodal pain management did not experience more postoperative pain or
morphine use than those who underwent UKA. However, UKA patients seem to experienced faster recovery and shorter LOS than CR-
TKA patients during the early postoperative course. Accordingly, UKA may be considered instead of TKA for patients who are good
candidates for UKA and require expedited recovery.
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Introduction

Osteoarthritis (OA) is the most common degenerative joint disease, characterized by painful swelling and permanent
damage to joints. Inflammation of the infrapatellar fat pad and synovial membrane within the knee may play a central
role in OA pain, potentially leading to peripheral and central sensitization in knee osteoarthritis (KOA).! With the

increasing prevalence of OA, the number of knee arthroplasties performed is increasing, particularly in younger patients.”
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For late-stage medial compartmental knee OA, total knee arthroplasty (TKA) and unicompartmental knee arthroplasty
(UKA) are effective surgical procedures for improving patient function and health-related quality of life.®

However, there is an ongoing debate on whether TKA or UKA is a better option for patients with medial
compartmental OA of the knee. UKA has gained interest from both surgeons and patients because of its many potential
advantages over TKA, including reduced surgical trauma, preservation of bone stock and both cruciate ligaments, less
blood loss, and fewer complications.* However, UKA has been reported in national registries to be associated with
a higher rate of revision and inferior survival than TKA.>° For instance, the National Joint Registry (NJR) of England,
Wales, and Northern Ireland reported that UKA had a 3.2 times higher revision rate than TKA.® Furthermore, concerning
regard to strict patient selection criteria, ideal bearing design, and judicious use of advanced technology cause numerous
arthroplasty surgeons hesitate to use this procedure. Thus, many surgeons opt for TKA for patients with medial
compartmental OA as their standard practice.

Nevertheless, approximately 20% of patients remain dissatisfied with the results of TKA,” and high post-TKA pain
levels in the perioperative phase can result in persistent postsurgical pain.® Moreover, inadequate pain control after TKA
may increase the risk of perioperative complications such as lung atelectasis, venous thromboembolism and cardiac
stress, and can affect functional outcomes at 2-year follow-up.”'” Posterior cruciate ligament (PCL) preservation for
TKA has been considered to provide more physiologic knee kinematics, better proprioception, and better quadricep
recovery than posterior-stabilized (PS) TKA."'"™'* Cruciate-retaining (CR) prostheses also require less bone resection,
resulting in less blood loss than PS prosthesis.'* Additionally, enhanced recovery after surgery (ERAS) protocols which
comprises multimodal, multidisciplinary, evidence-based strategies is commonly incorporated into modern perioperative
care.'”” ERAS protocol has been shown to be an effective strategy for reducing surgical stress and postoperative pain,
facilitating early mobilization and recovery, reducing the length of hospital stay (LOS), and improving patient satisfac-
tion after TKA.'® Thus, we hypothesized that patients who undergo less constrained, CR TKA may exhibit comparable
recovery in the early postoperative course to those who undergoing UKA.

Recently, a multicenter matched-pair analysis comparing postoperative pain between UKA and TKA in the first 24
h revealed that UKA patients had significantly lower pain scores and required fewer opioids than TKA patients.'” UKA
is also associated with shorter LOS, better functional outcomes, and lower costs than TKA.'®'? However, the results
from these studies were not specific to the type of TKA design, and the pre- and post-operative care protocols were not
controlled. To our knowledge, only a limited number of studies have directly compared the outcomes of CR TKA and
UKA during the acute postoperative phase. Hence, the purpose of this study was to compare postoperative pain intensity,
analgesic consumption, and recovery between CR TKA and UKA, both employing multimodal pain control, in patients
undergoing surgery in similar environments.

Materials and Methods

This study included consecutive patients with isolated medial compartment knee osteoarthritis who underwent unilateral
UKA and CR TKA between January 2018 and April 2021. Our indications for UKA were functionally intact anterior and
posterior cruciate ligaments, normal lateral compartment, cartilage degeneration in the patellofemoral compartment not
greater than grade 3 according to the Outerbridge classification,?® flexion arc > 90°, flexion deformity < 5°, varus
deformity < 10°, and body mass index (BMI) < 30. Patients that cannot fulfill these prerequisites would receive CR TKA
instead. Patients who had been diagnosed with secondary osteoarthritis, prior knee infection, or previous surgery around
the operated knee were excluded from the study. The study protocol was approved by the Institutional Review
Board (IRB).

All procedures were performed under spinal anesthesia with bupivacaine (0.5% Marcaine, AstraZeneca, Sweden).
Premedication with gabapentin (Gabapentin GPO, GPO, Thailand) and anxiolytic drugs (0.5 mg Tranavan, Polipharm,
Thailand) was administered to all patients on the night before surgery. The preemptive adductor canal block (ACB) was
individually performed according to the anesthesiologist’s preference for TKA or UKA. Prophylactic antibiotics were
administered, the affected leg was prepped using a sterile technique, and the tourniquet was inflated to 250 mm Hg before
making a skin incision. All surgical procedures were performed by a single experienced surgeon.
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For UKA, the medial parapatellar approach involved a 2 cm incision in the quadriceps tendon. After arthrotomy,
infrapatellar fat pad was partially resected. Proximal tibial resection was performed using an extramedullary guide to cut
the medial tibial plateau perpendicular to the anatomical tibial axis. Distal femoral resection was performed parallel to
the tibial cutting plane using the spacer-block technique. The flexion/extension gap was measured using a gap-checking
device that matched the spacer-block thickness. A cemented fixed-bearing UKA prosthesis (Sigma, DePuy Synthes,
USA) was implanted with bone cement.

For CR TKA, a midline skin incision of approximately 10 cm was made to perform the medial parapatellar approach.
Then infrapatellar fat pad was partially resected, the anterior cruciate ligaments were excised, an extramedullary cutting
guide was placed on the tibia, and the proximal tibia was resected perpendicular to the mechanical axis. The distal
femoral cut was prepared using an intramedullary guide, and the anterior—posterior femoral cut was completed using the
anterior referencing technique. Soft tissue balancing, including medial collateral ligament release and PCL recession, was
occasionally performed to achieve an appropriate flexion and extension gap, and the pilot hole in the femoral medullary
canal was occluded using a bone plug. Fixed-bearing (FB), CR knee prostheses (PFC Sigma, DePuy Synthes, Warsaw,
IN, USA) were implanted with bone cement, and the patella was routinely resurfaced in all cases.

For both groups, periarticular anesthetic injection (PAI) was performed using a cocktail mixture consisting of 20 mL of
0.5% bupivacaine (0.5% Marcaine, AstraZeneca, Sweden) and 30 mg of ketorolac (Ketolac 1 mL, SiuGuan, Taiwan),
which was diluted with 0.9% Normal Saline to a total volume of 75 mL. Tranexamic acid (15 mg/kg) was poured into the
knee joint before arthrotomy closure. A vacuum drain was placed in the TKA group for 24 h, whereas no drain was applied
in the UKA group. The arthrotomy was closed, a compressive dressing was applied, and the tourniquet was deflated.

Identical multimodal pain control was applied in all patients during the postoperative course. Intravenous patient-
controlled analgesia (PCA) was used to inject an on-demand bolus of 0.5 mg of morphine sulfate (10 mg/mL Morphine
sulfate injection, M&H manufacturing, Thailand) with a 5-minute lockout period, and the amount of morphine
consumption was recorded during the first 48 h. During the first 48 h after surgery, intravenous (IV) injection of
30 mg of ketorolac was administered intravenously every 8 h. After 48 h, the PCA and intravenous catheters were
discarded. Acetaminophen (500 mg) was administered orally three times daily and naproxen (250 mg) was administered
orally twice daily. An additional 2 mg of intravenous morphine was also given every 4-6 h as needed for moderate to
severe pain throughout hospitalization. Chemoprophylaxis for venous thromboembolism (VTE) was administered to all
patients after the drain was removed, using low-molecular-weight heparin (Clexane, Sanofi-Aventis, France) in the first
48 h and combined with bridging warfarin. Active ankle pumping was encouraged immediately after surgery, and
a continuous passive motion (CPM) device (Artromot-K1, Freiburg, Germany) was used on the day after surgery. Early
ambulation with gait aids was promoted as tolerated.

The outcomes of this study aim to compare 10 cm visual analog scale (VAS) for pain intensity at rest and the total
amount of morphine use (TMU) during the first 48 h, the knee flexion angle measured by a continuous passive motion
device while the patient was lying in the supine position and the foot and leg strapped in neutral position, the straight leg
raise (SLR) measured by a long-arm universal goniometer, independent ambulation after the index surgery, the incidence
of postoperative nausea and vomiting (PONV), LOS, costs during hospitalization, and any other acute complications
experienced during hospitalization. All outcome data were prospectively gathered on a regular basis at specific time point
(6,12, 18, 24, 48 and 72 h after the surgery) by a group of independent assessors.

Statistical Analysis

Propensity score-matched analysis was used to reduce the potential confounding effects of the observed covariates in
both patient groups. The matching method used was the nearest neighbor algorithm, which matched each participant
from the study and control groups based on their closest propensity score. The confounding adjustments included age and
BMI. All measured characteristics and outcomes were summarized using descriptive statistics, including the frequency,
mean, and standard deviation. The normality of data was assessed with Shapiro—Wilk and Kolmogorov—Smirnov test. All
outcomes were compared between groups using an independent z-test for continuous variables and the Chi-square or
Fisher’s exact test for categorical variables. For non-normally distributed data, the median and range are shown, and the
Mann—Whitney U-test was applied to compare the differences between groups. After propensity matching, the sample
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size of 46 patients had an 83.6% power to detect a difference of 1.5 in VAS score for pain intensity, with an SD of 2.5,
alpha error of 5%, and 84.3% power to detect significant differences in LOS. Stata/MP software (version 15.0; StataCorp
LP, College Station, TX, USA) was used for all statistical analyses. Statistical significance was defined as p<0.05.

Results

Sixty-two patients who underwent UKA and 71 who underwent CR TKA were enrolled in this study. After propensity
score matching, there were 46 patients in the TKA group and 46 in the UKA group, with no differences in age, BMI, sex,
ASA classification, preoperative VAS, ROM, Hb, or anesthetic type between the two groups. Demographic data of the
participants before and after matching are presented in Table 1.

All outcome measures are shown in Table 2. The UKA group had a significantly shorter operative time (defined as
skin incision to skin closure) than did the TKA group. There was no difference between the TKA and UKA groups in
terms of VAS at 672 h, TMU at 24 and 48 h after surgery, or incidence of PONV in the first 24 h after surgery.

However, the UKA group showed significantly better knee flexion during the first 48 h than the TKA group. Moreover,
significantly more patients in the UKA group could perform the straight leg raise (SLR) than those in the TKA group, and they
achieved a higher average degree. Patients in the UKA group could ambulate independently with gait aids earlier than those in
the TKA group (p<0.01). The UKA group had a significantly shorter LOS than the TKA group (Figure 1).

No acute complications, including hemodynamic instability, infection, venous thromboembolism, or falls were
observed in either group. At discharge, patients in the UKA group had incurred costs that were 12.43% lower than
those in the TKA group (p<0.01).

Discussion
A range of knee prosthesis designs have been used to alleviate pain and improve function in patients with end-stage

medial compartmental OA. However, the most preferred prosthesis remains controversial. Regarding postsurgical pain,

Table 1 Demographic Data and Preoperative Characteristics of the TKA and UKA Groups Before
and After Propensity Score Matching

Variables Before propensity score match After propensity score match
TKA (n=71) | UKA (n=62) | p-value | TKA (n=46) | UKA (n=46) | p-value
Age (year) 66.3 82 59.2 + 84 <0.001* 63570 61.7+74 0.232
Gender 0.643
Female 58 (81.7%) 54 (87.1%) 0.394 41 (89.1%) 43 (86.0%)
Male 13 (18.3%) 8 (12.9%) 5 (10.9%) 7 (14.0%)
BMI (kg/m?) 26.90 £ 424 | 25.13 £ 439 0.020%* 2593 £335 | 2492 £472 0.234
ASA
| 4 (5.6%) 12 (19.4%) 0.029%* 4 (8.7%) 8 (16%) 0.489
2 44 (62.0%) 39 (62.9%) 33 (71.7%) 31 (62%)
23 (32.4%) 1 (17.7) 9 (19.6%) I (22%)
Pre-op VAS 70+ 1.7 6.7 2.1 0.351 68+ |.5 6.5+ 2.1 0.439
Pre-op ROM(°) 109.9 + 135 1123 £ 13.0 0.307 112.6 + 12.5 2.1+ 127 0.838
Analgesic type
PAI 31 (43.7%) 33 (53.2%) 0.271 25 (54.3%) 30 (60%) 0.576
PAI + ACB 40 (56.3%) 29 (46.8%) 21 (45.7%) 20 (40%)
Pre-op Hb (g/dL) | 12.57 + 1.30 12.65 £+ 1.10 0.702 12.59 + 1.23 1261 = 1.14 0.952

Notes: Data are presented with mean * SD, except gender and ASA. *Statistically significant (p<0.05).

Abbreviations: n, number; BMI, body mass index; kg/m?, kilogram/meter?; ASA, American Society of Anesthesiologists scores;
Pre-op, preoperative; VAS, visual analog scales for postoperative pain intensity; ROM, range of knee motion; PAI, periarticular
anesthetic injection; ACB, adductor canal block; Hb, hemoglobin.
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Table 2 Peri and Post-Operative Outcomes of the TKA and UKA Groups After Propensity
Score Matching

TKA (n=46) | UKA (n=46) | p-value

Operative time (min) 59.81 £ 839 | 4496 + 494 | <0.001*

VAS for postoperative pain intensity

6h 3.6 £3.0 3.0+24 0.282
12 h 4.0 + 2.6 35+27 0.320
18 h 45+25 38+27 0.345
24 h 42+23 3.0 £27 0.056
48 h 35+£20 3.0+23 0.345
72 h 27 2.1 22+ 19 0.181

Total morphine use (mg)
24 h 9.92 + 8.60 9.22 + 6.49 0.652
48 h 16.62 + 15.73 | 13.44 £ 9.39 0.237

Knee flexion angle (°)

24 h 46.6 + 12.4 60.0 + 18.6 < 0.001*
48 h 69.1 +17.7 769 + 139 0.021*
72 h 814+ 148 858 + 14.5 0.149

Straight leg raise

24 h
Proportion of patients who able to perform (%) 18 (39.1) 37 (74.0) <0.001*
Degree (°) 26.7 £ 31.7 41.1 £293 0.009%*
48 h
Proportion of patients who able to perform (%) 24 (52.2) 44 (88.0) <0.001*
Degree (°) 33.9 £ 328 46.3 + 26.6 0.022%*
72 h
Proportion of patients who able to perform (%) 29 (63.0) 41 (82.0) 0.037*
Degree (°) 393 £354 554 £ 31.9 0.009%*
Independent ambulation (Days after the index surgery) 2.13 £ 0.54 1.56 + 0.50 <0.001*
Incidence of PONV (%) 15 (32.6) 15 (30.0) 0.783

Notes: The VAS for postoperative pain intensity was measured by using a 10cm line, with two end points representing 0 (“no

pain”) and 10 (““pain as bad as it could possibly be”). Total morphine use was monitored from patient-controlled analgesia at 48

hours postoperative. The knee flexion angle measured by a continuous passive motion device while the patient was lying in the

supine position and the foot and leg strapped in neutral position. The straight leg raise (SLR) measured by a long-arm universal

goniometer; independent ambulation after the index surgery. *Statistically significant (p<0.05).

Abbreviations: min, minutes; mL, milliliters; h, hours; mg, milligrams; VAS, visual analog scale; LOS, length of stay;

PONY, postoperative nausea and vomiting.
approximately 50% of patients report being dissatisfied with the perioperative experience of post-TKA pain.® Thus, post-
TKA pain and speed of recovery are still issues of concern to patients, particularly those who have limited social
support.”®!% A recent large-scale multicenter study and national registry demonstrated that TKA (non-specific design) is
associated with higher pain levels, longer LOS, and lower recovery in the early postoperative course than is the case for
UKA.'""" Despite this, we found no difference in pain scores and TMU between patients with medial compartmental
OA who underwent CR TKA or UKA. The efficacy of the multimodal pain approach and surgical technique for CR TKA,
which is associated with less bony excision, less blood loss, and less constraint than PS TKA, may be an explanation.
Currently, multiple analgesic pathways consisting of pre-emptive analgesia, peripheral nerve block, periarticular anes-
thetic infiltration, and specific systemic medication are principles that enhance recovery after surgery.>' Our multimodal
pain regimen for TKA, which comprises PAI with bupivacaine and ketorolac, pre-emptive ACB, and intra-articular
tranexamic acid, was developed based on the results of our previous studies to mitigate post-TKA pain.***
Nonetheless, in the present study, the UKA group still had a significantly better knee flexion angle and SLR and could

independently ambulate earlier than the CR TKA group during the acute postoperative phase. Moreover, our UKA group
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Figure | LOS demonstrated by Box-Whisker plot. There was a significant difference between groups (p =0.004).
Abbreviations: LOS, Length of stay; TKA, Total knee arthroplasty, (UKA) Unicompartmental knee arthroplasty.

required a shorter operative time and LOS, which made the procedure 12.43% less costly than TKA. In accordance,
a recent prospective randomized multicenter trial that compared UKA and CR TKA showed that the UKA group
experienced a faster recovery time than the TKA group, as determined by the Oxford Knee Score (OKS) and Knee
Injury and Osteoarthritis Score (KOOS) at 2 and 12 months postoperatively.** Strickland et al*> demonstrated that UKA
resulted in a 23 times faster recovery period than TKA, according to the Oxford Arthroplasty Early Recovery Score
(OARS) in the first 6 weeks post-surgery. Recently, a systematic review demonstrated that the average time for patients to
return to work following UKA was 5.4 weeks (range 1-32 weeks), and > 80% of patients were able to work the same or
longer hours or undertake more physically demanding tasks post-surgery.”® Thus, these findings may support the use of
UKA in patients with medial compartmental OA who have limited social support and need to accelerate postoperative
recovery.

Another subject of debate is whether superior recovery following UKA in the early postoperative course affects
outcomes at long-term follow-up.'®2” Although recent prospective randomized multicenter trial showed no differences in
patient-reported outcomes, including OKS and KOOS, between UKA and TKA at 2 years post-surgery,'® many previous
studies showed that better postoperative range of knee motion and SLR were associated with shorter length of stay,
superior patient-reported outcomes, and better patient satisfaction post-surgery.”’>' Kennedy et al*’ found that UKA
patients had better OKS in all age groups and had better outcomes in the median 10-year follow-up. In some studies,
confounding variables were minimized by comparing the outcomes of UKA and TKA in the same patients. According to
a study by Pongcharoen et al** at mean follow-up of 48 months, patients show that the UKA limb feels nearer to their
normal knee when they report a significantly higher JFS and KOOS than do those receiving a TKA limb. Gait analysis in
16 patients who had received one TKA and one UKA knee on the contralateral side also showed that the UKA was the
preferred knee and nearer to the normal knee when compared to the TKA limb.*!

Furthermore, surgeons and patients might consider the costs of procedures. Although revision rates for UKA were
significantly higher than TKA at 5 and 10 years postoperatively, the cumulative mean healthcare costs for patients who
underwent UKA were significantly lower than those who underwent TKA, up to 10 years post-surgery.>? In addition, the
Total or Partial Knee Arthroplasty Trial (TOPKAT),*® a multicenter, pragmatic randomized controlled trial comparing the
cost-effectiveness of UKA and TKA, demonstrated that UKA resulted in fewer complications and was significantly more
effective and less expensive than TKA during the 5 years of follow-up.

However, our study had some limitations. First, this study had a retrospective design, which may have introduced
confounding factors. The patients in the UKA group in our study were younger and had a lower ASA score and lower
BMI than those in the TKA group. Thus, we conducted propensity score matching, and subsequently found no demographic
difference between the UKA and TKA groups. However, propensity score matching does not guarantee an exact match for all
individuals. Although the current expanded indication for medial UKA was applied in our study, patients undergoing CR TKA
must have at least one factor not fulfilled for UKA, such as preoperative pain severity due to the patellofemoral compartment
and the degree of preoperative lower limb deformity, which could affect the clinical evaluation. Second, our study can only
represent early postoperative results without specific knee score assessment; prolonged follow-up in this patient cohort would
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be beneficial to demonstrate the differences in clinical outcomes between the groups. Third, we did not determine the amount
of opioids that patients might generally use before surgery. Finally, the variability in healthcare systems among countries may
have a significant impact on patient recovery and costs.

Conclusion

Patients who underwent CR TKA with multimodal pain management did not experience more postoperative pain or
morphine use than those who underwent UKA. However, UKA patients seem to experienced faster recovery and shorter
LOS than CR TKA patients during the early postoperative course. Accordingly, UKA may be considered instead of TKA
for patients who are good candidates for UKA and require expedited recovery.
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