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Abstract

Introduction Proper patient selection is a crucial factor for the outcome of the unicompartmental knee arthroplasty (UKA).
However, there is still not a clear consensus on which patients could benefit the utmost from a UKA. The purpose of this
prospective study was to introduce a novel, preoperative, predictive score (Unicompartmental Indication Score, UIS) to aid
proper patient selection in UKA.

Materials and methods A total of 152 patients with an average age of 68 years and a mean follow-up of 27 months were
evaluated preoperatively with the UIS and postoperative at every follow-up. Correlation analysis was applied to identify
potential relationships between the UIS, functional outcomes, pain relief, patient satisfaction, and range of motion. The ROC
analysis was used to identify the best cutoff value of the UIS, which would have predicted an optimal outcome following
UKA.

Results The majority of the patients (91%) were satisfied with the operation, with 61% reporting excellent and 30% good
satisfaction. The UIS was positively correlated to the postoperative Knee Society Score (KSS) for both pain (r=0.26,
p<0.001) and function (r=0.31, p<0.001). The UIS was also positively correlated to the patient satisfaction (p =0.46,
p <0.001) and maximum postoperative flexion (r=0.25, p <0.001). The ROC analysis provided an ideal cutoff for UIS at
25 points (sensitivity: 75%, sensibility: 93%, area under the curve: 86%). At a mean follow-up of 27 months (range 24-37),
we observed three revisions in 152 consecutive UKA with a mean UIS of 27 points (range 20-30).

Conclusions The newly introduced UIS score might be a reliable preoperative scoring system to predict patients with excel-
lent satisfaction, functional outcome, pain relief and possibly implant survivorship following UKA, and therefore, could
help the proper patient selection and decision-making in UKA.

Level-of-evidence Prospective study, II.

Keywords Unicompartmental knee arthroplasty (UKA) - Indication - Clinical Outcome - Patient-reported outcomes -
Predictive score - Patient satisfaction - Revision - Scoring system

Introduction

Knee osteoarthritis (OA) is a leading cause of disability
worldwide [1], mostly due to pain and functional limita-
tions [2, 3]. Unicompartmental knee arthroplasty (UKA) is
considered an excellent alternative to total knee arthroplasty
(TKA) in the treatment of unicondylar femoro-tibial degen-
D4 Alexander Antoniadis eration with reduced mortality and fewer complications [4].
drantoniadis @outlook.com Furthermore, UKA preserves the unaffected from OA struc-
Department of Orthopaedics and Traumatology, Biirgerspital tures, such as the cruciate ligament and the patellofemoral
Solothurn, Solothurn, Switzerland joint, which provides in turn near-normal kinematics [5],
Centre Hospitalier Prive Saint Gregoire, Saint-Grégoire, increased range of motion [6] and stable patellofemoral con-
France tact force and pressure [7], respectively.
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Up to date, there is no clear consensus regarding the indi-
cations and contraindications to UKA. Since Kozinn et al.
[8] published their recommendations on UKA 1989, a lot
has changed. Despite these well-established recommenda-
tions, their validity is often questioned in the literature, and
the classic indications proposed from Kozinn, are gradually
revised, with only some issues remaining controversial [9].
Age and increased body-mass-index (BMI) are no longer
considered a contraindication to UKA [10-12]. Similarly, it
has been reported that patellofemoral joint arthritis, with or
without anterior knee pain, is no longer a contraindication
in patients undergoing UKA [13]. Another area of contro-
versy is whether to perform a UKA in patients with anterior
cruciate ligament (ACL) deficiency. Current data suggest
that patients with primary anteromedial OA and second-
ary degenerative ACL deficiency should be considered as
possible candidates to UKA with good short-to-mid-term
outcome and without increased risk of UKA failure [14],
whereas patients with primary traumatic ACL deficiency
and secondary posteromedial OA might show increased risk
of failure rates by wear and tibial loosening due to the knee
instability [15].

Several studies concluded that proper patient selection
is a crucial factor in the outcome of the UKA [16, 17] and
the higher incidence of UKA failure compared to TKA have
been associated, apart from the implant malposition [18,
19] and surgical technique [20], to not strictly correct UKA
indications [21]. Indeed, it is still not clear which patients
could benefit the utmost from a UKA regarding pain relief,
functional outcome, satisfaction, and implant survivorship.
Therefore, the purpose of the current, prospective study was
to introduce a novel, preoperative, predictive scoring sys-
tem (Unicompartmental Indication Score, UIS) to aid proper

patient selection and decision-making in UKA. We hypoth-
esized that patients with higher UIS would have a better
outcome compared to patients with lower UIS.

Materials and methods
Study design and participants

All the patients gave informed consent prior to participa-
tion, and the study was approved by the institutional review
board and the ethical committee. This prospective study was
conducted entirely at one of the senior author institution.
The senior author is a high-volume knee surgeon, who per-
forms more than 250 knee arthroplasties a year. From Janu-
ary 2014 until January 2016, all the patients presented in
the clinic with symptomatic knee osteoarthritis waiting for a
knee arthroplasty were considered as potential candidates for
the study. The follow-up period ended on January 2018, to
achieve a minimum follow-up of 2 years. Exclusion criteria
were: three-compartment knee osteoarthritis, age <40 years
old and previous joint arthroplasty (TKA on the contralat-
eral side or THA on either side, as a previous arthroplasty,
could potentially affect the rehabilitation process and the
functional scores).

Unicompartmental indication score (UIS)
Independent variables of the score
Independent variable was considered each factor reported

in the literature, which could potentially influence the
outcome of the surgery (Table 1). Specifically: age, BMI,

Table 1 UIS

Independent variable 1-point 2-points 3-points

Age (years) 50-60 60-80 >80

Cause of symptoms Inflammatory Chondrocalcinosis Osteoarthri-
tis/osteone-
crosis

BMI (kg/m?) >40 30-40 <30

Past history in the affected knee Trauma® Osteotomy None

Clinical ACL function None Partial® Normal

Fixed varus/valgus (°) >10 5-10 0-5

Patellofemoral Degeneration (modified Altman) [23] Grade 3 with or without Grade 1-2 Grade 0

subluxation

Range of motion (flexion/extension®) 100/15/15 120/15/15 >120/0/0

Affected compartment status (Kellgren-Lawrence) [22] Grade 2 Grade 3 Grade 4

Opposite compartment status (Kellgren—Lawrence) [22] Grade 2 Grade 1 Grade 0

*Previous trauma was considered as any trauma that did not result in significant deformity of proximal tibia or distal femur (including meniscus

tear, anterior cruciate ligament (ACL) rupture, etc.)

®Partial clinical ACL function was considered increased anteroposterior laxity without rotatory instability
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cause of symptoms, previous trauma or surgery in the
affected knee, clinical ACL deficiency (evaluated with the
Lachman test, anterior drawer, and pivot shift test; a partial
function of ACL was defined as low patient’s sensation of
instability, asymmetric laxity in Lachman test but lack of
pivot shift test); fixed varus or valgus knee (meaning varus
or valgus deformity which was not corrected after apply-
ing valgus or varus stress, respectively, assessed using
varus/valgus stress X-rays); range of motion (ROM) and

Table 2 Patient demographics with preoperative status

radiologic assessment of the affected, contralateral and
patellofemoral compartment according to Kellgren—Law-
rence OA classification [22] and modified Altman [23]
using knee X-rays (anterior-posterior, lateral, Rosenberg,
skyline Merchant view).Each factor added 1-3 points to
the score, and finally, the points were summed to give the
definitive UIS (Table 2). All the patients were also evalu-
ated preoperatively with the Knee Society Score (KSS) for
pain and function [24].

Parameter Category (N) Percentage (%)
Gender Male (94) 62
Female (58) 38
Side Left (79) 52
Right (73) 48
UKA Medial (123) 81
Lateral (29) 19
BMI (kg/m?) >40 (8) 6
3040 (54) 36
<30 (90) 60
Cause of symptoms Osteoarthritis/osteonecrosis (135) 88
Chondrocalcinosis (13) 9
Inflammatory arthritis (4) 3
Age (years) 50-60 (17) 11
60-80 (116) 76
>80 (19) 13
Degree of degeneration in the affected compartment 0(0) 0
1(0) 0
2 (6) 4
3 (60) 39
4 (86) 57
Degree of degeneration in the contralateral compartment 0 (30) 20
1(52) 34
2 (52) 34
3(18) 12
40 0
Degree of patellofemoral joint degeneration 0(6) 4
1(63) 41
2 (75) 50
3(8) 5
Previous knee operation None (135) 89
ACL reconstruction (3) 2
Arthroscopic meniscus resection (7) 3
Tibia plateau osteosynthesis (4) 3
Correction osteotomy (3) 2
ACL function Intact (123) 81
Partial (5) 33
None (24) 16
Range of motion (°) >120/0/0 (125) 82
120/15/15 (15) 10
100/15/15 (12) 8
Hip-knee-angle under stress (°)* 0-5 (64) 42
5-10 (65) 43
>10(23) 15

Meniscus resection of the contralateral compartment

“For patients with varus knee, a valgus stress was applied, whereas for patients with valgus test a varus test was applied
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Surgical technique and postoperative care

All the operations were performed in a standardized manner,
under general or spinal anesthesia in the supine position,
using a conventional operating table with the knee flexed in
90° for the skin incision. The patients who received a medial
or lateral UKA underwent a minimally invasive medial sub-
vastus or lateral parapatellar approach, respectively. The
patella was displaced laterally but never everted. The ACL,
the opposite tibiofemoral and the patellofemoral compart-
ment were evaluated intraoperatively, and all the osteophytes
were removed. Patient-specific cutting blocks were used for
the tibial cuts. Subsequently, gaps were checked with spacer
blocks. Extramedullary alignment rods were used to con-
trol alignment after the cuts. Primary cemented implants
(GMK®, Medacta International, Castel San Pietro, CH)
were used in all cases, and all patellae were not resurfaced.
No lateral or retinacular releases were necessary. No drains
were used. Full weight-bearing was allowed the day after
surgery as well as active range of motion exercises. Patients
were discharged when able to mobilize for daily activities
safely and pain is controlled with oral medications. All
patients were treated with Enoxaparin 40 mg sc. once daily
as deep venous thrombosis prophylaxis for 30 days.

Clinical evaluation

Postoperatively, the patients were followed-up clinically
and radiographically at 3 months and yearly. Interviews
with patients were contacted personally in the clinic. The
Hip-Knee-Angle (HKA) was assessed pre- and postoperative
on weight-bearing long leg views. The patient satisfaction
was assessed using a four-point Likert Scale for responses:
“excellent,” “good,” “poor” and “terrible.”

Statistical analysis

Descriptive statistics used frequencies and percentages
to present the data. All parameters were tested with the
Kolmogorov—Smirnov test for normality. When the crite-
ria for normality were met, a two-tailed paired t-test was
used to compare pre- and postoperative outcomes. Oth-
erwise, the Wilcoxon signed-rank test was applied. The
Pearson and Spearman correlations were used to identify
a potential relationship between continuous variables such
as the UIS and postoperative KSS for function and pain,
and ordinary variables such as patient satisfaction, respec-
tively. The level of significance was set at a=0.05. The
Receiver-Operator Characteristic (ROC) curve was used
to identify the best cutoff value of the UIS, which would
have predicted an optimal or a non-optimal outcome. For
the ROC analysis optimal outcome was considered no revi-
sion surgery, excellent patient satisfaction and KSS score
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of more than 80 in both pain and function. Otherwise, the
outcome was considered as non-optimal. The patients were
then divided into two groups according to the cutoff value
in ROC curve (group 1: UIS > 25 points, group 2: UIS <25
points), and the postoperative patient satisfaction, as well
as clinical outcomes, were then compared between groups.
All the statistical analyses were performed using SPSS
version 22 software (SPSS Inc., Chicago, Illinois).

Results
Participants

A total of 511 patients presented from January 2014 until
January 2016, in the outpatient clinic with symptomatic
knee OA, requiring a knee arthroplasty. Around 66%
(n=337) of the patients had a three-compartment OA,
and therefore a TKA was performed instead. Seventeen
patients had already a TKA in the contralateral side or
total hip arthroplasty (THA) in either side and therefore,
excluded from the study. Finally, a total of 152 patients
(male: 94 female: 58) with an average age of 68 years
(range 41-90) met the inclusion criteria for the current
study (Fig. 1). The mean follow-up was 27 months (range:
24 to 37). Twenty-nine patients received a lateral UKA
whereas 123 patients received a medial UKA (Table 1).
The mean preoperative KSS score for pain and function
was 52 (range 35-65) and 56 (range 35-68), respectively.
The preoperative mean preoperative UIS score was 27
(range 20-30).

Patients with clinical OA presented
in the clinic (n=511)
) Patients with tricompartmental OA
V assigned for TKA (n=337)
Patients assigned to UKA
(n=174)
Patients with existing TKA on the
) contralateral side or THA on either
v side (n=17)
Patients without existing
arthroplasty assigned to UKA
(n=157)
) Refused to participate in the study
v (n=5)
Final number of patients in the
study
(n=152)

Fig.1 Flowchart of patients’ recruitment. OA osteoarthritis, TKA
total knee arthroplasty, UKA unicompartmental knee arthroplasty,
THA total hip arthroplasty
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Complication rate and revision

At a mean follow-up of 27 months, we recorded two cases
of postoperative hematoma, which required surgical evacu-
ation, and one case of early deep infection which was treated
with exchange of the inlay component, debridement, and
intravenous antibiotic administration. No other complica-
tions were recorded.

Radiographic outcomes

The postoperative X-rays (anterior—posterior, lateral and
weight-bearing long leg view) were evaluated by one ortho-
pedic surgeon blinded to patients’ clinical details and pre-
operative planning. Measurement of HKA showed a mean
value of 174.3° (SD 3.3°) varus preoperative compared
to 176.3° (SD 2.9°%; p>0.5) postoperative. The difference
between final implant position compared to preoperative
planning showed a mean of 0.5° (SD 2.3°; p <0.01) for the
tibial varus/valgus and a mean difference of 0.3° (SD 2.8°;
p=0.2) for the tibial slope (Table 3). There were no signs
of loosening of the tibial or femoral component at the latest
follow-up.

Functional scores and patient satisfaction

Postoperative functional scores improved significantly
from the preoperative value. The mean KSS-pain and KSS-
function increased from 52 to 56, preoperative to 95 and
96 at the 1-year follow-up, respectively. The majority of the

patients (91%) were satisfied with the operation, with 61%
(93 out of 152) reporting excellent and 30% (46 out of 152)
good satisfaction, whereas only 9% (13 out of 152) of the
patients reported poor satisfaction. The preoperative KSS-
function and KSS-pain were not correlated to patient satis-
faction or postoperative KSS-Pain or KSS-Function. The
patient satisfaction, KSS-Pain, and KSS-Function were not
correlated with the postoperative HKA value. The UIS was
positively correlated to the postoperative KSS score for both
pain (r=0.26, p <0.001) and function (r=0.31, p <0.001).
The UIS score was also positively correlated to the patient
satisfaction (p =0.46, p <0.001) and maximum postopera-
tive knee flexion (r=0.25, p <0.001).

ROC analysis

The ROC curve analysis provided an ideal cutoff for UIS at
25 points, with a sensitivity of 75%, a sensibility of 93%, and
area under the curve 85% (Fig. 2).

Analysis of groups generated according to UIS cutoff
value

The majority of the patients (79%, 120 of 152) had a preop-
erative UIS of more than 25 (range 25-30) points, whereas
only 32 (21%) patients had a score of equal or less than 25
(range 20-25) points. No significant difference was observed
regarding demographics (age, BMI gender) and preoperative
HKA between groups (Table 3). The postoperative KSS-
Pain and KSS-Function score were significantly higher in

Table 3 Patient characteristics,

X Parameter UIS >25 UIS<25 Significance
pre- a}nd postoperative . (n=120) (n=32) (@ value)
functional score and patient
satisfaction BMI (kg/m?) 30 (18, 45) 28 (17, 45) 0.06

Age (years) 69.3 (41, 90) 68.4 (50, 90) 0.744
Gender (male, female) 63% (76), 37% (44) 56% (18), 44% (14) 0.68
Preoperative KSS-function 58 (35, 68) 54 (35, 65) 0.001*
Preoperative KSS-Pain 54 (38, 65) 45 (35, 61) 0.001*
KSS-Function at 1-year follow-up 96 (80, 100) 75 (70, 100) 0.001*
KSS-Pain at 1-year follow-up 93 (86, 100) 79 (70, 100) 0.001*
Preoperative HKA 175 (168, 190) 175 (168, 190) 0.79
Postoperative HKA 179 (177, 182) 179 (175, 183) 0.71
Satisfaction (%) 71% (85) 25% (8) 0.001
Excellent 26% (31) 47% (15) 0.001*
Good 3% (4) 28% (9) 0.001*
Poor 0% 0%

Terrible

Preoperative flexion (°) 120 (90, 135) 118 (90, 132) 0.71
Postoperative flexion (°) 140 (125, 147) 130 (115, 140) 0.001*

The values were given in mean value and range

KSS knee society score, HKA hip-knee-angle

*Indicates statistically significant difference (p <0.05)
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Fig.2 The results of the ROC analysis are shown. The black dot indi-
cates the point with the higher Youden index [26] for UIS at 25 points

group 1 in comparison to group 2. In group 1 (UIS>25
points), 71% (85 out of 120) and 26% (31 out of 120) of the
patients reported an excellent and good satisfaction, respec-
tively, whereas only 3% (4 out of 120) reported a poor sat-
isfaction. No patient reported a poor or terrible outcome in
group 1. In group 2 (UIS <25 points), only 25% (8 out of
32) were entirely satisfied with the UKA, whereas 47% (15
out of 32) and 28% (9 out of 32) reported a good and poor
outcome, respectively. The maximum postoperative knee
flexion was also higher in the group 1 compared to group 2
(140° versus 130°).

Discussion

UKA is considered an excellent alternative to total knee
arthroplasty (TKA) in the treatment of unicompartmental
tibiofemoral osteoarthritis, with high patient satisfaction and
survival rates [25]. However, proper patient selection is a
requirement for successful surgery [16, 17] and still, there is
no clear consensus on which patient could benefit the utmost
of a UKA. The purpose of the current study was to introduce
a novel, preoperative scoring system, which could aid proper
patient selection and decision-making in UKA. The results
of this prospective cohort showed that the newly introduced
UIS could accurately predict excellent clinical outcomes,
patient satisfaction and high implant survivorship follow-
ing a UKA (sensibility 75%, sensitivity 93%, AUC 85%,
p <0.001). Furthermore, the radiographic findings have not
biased our results as no outlier was found in our cohort in
respect to radiographic accuracy of implant positioning. To
the best knowledge of the authors, this is the only cohort to
present a preoperative, prediction score, as an indicator of
proper patient selection in UKA.

@ Springer

The UIS includes several well-established parameters,
which were proved to affect the clinical outcome following
a UKA (Table 1). The area under the ROC curve for the UIS
was 85% indicating an excellent test [26], with a sensitivity
of 75% and a specificity of 93%. The optimal cutoff value
for UIS according to ROC was 25 points. The majority of
the patients with UIS of more than 25 points were satisfied
with the operation with 97% reporting an excellent or good
satisfaction and only 3% reporting a poor satisfaction. On
the contrary, patients with a UIS of equal or less than 25
points had a significantly lower postoperative satisfaction,
with most of the patients (47%) reporting a good satisfac-
tion, and 28% of the patients reporting a poor satisfaction
(Table 3). Only 25% of the patient in group 2 reported an
excellent satisfaction. The postoperative KSS-Pain and KSS-
Function were significantly higher in the group 1 compared
to group 2 (Table 3). The maximum postoperative knee
flexion was also higher in the group 1 compared to group 2
(140° versus 130°). These data suggest that the UIS could
potentially identify patients, which would benefit the utmost
from a UKA in terms of pain relief, function, postoperative
satisfaction and maximum knee flexion.

Recently, patient satisfaction has received increased atten-
tion as an essential aspect of medical care and a fundamental
factor influencing the clinical outcome and the quality of
life following a surgery [27]. However, only a relatively few
numbers of studies reported the patient satisfaction follow-
ing UKA. Von Arnel et al. [28] reported a satisfaction rate
of 96% and 93% in patients under 55 and over 55 years old,
respectively. Lee et al. [29] found a 92.2% satisfaction rate
in the Asian population undergoing UKA. In accordance
with the literature, the satisfaction rate in the current study
was 91% with the 61% of the patients reporting excellent
and 30% reporting a good outcome. Patient satisfaction was
significantly correlated with higher postoperative function
and pain relief, meaning that patients with higher functional
capacity and lower pain postoperative were more likely to
be satisfied with the outcome of the UKA. Also, patient sat-
isfaction was positively correlated with the UIS, suggesting
that patients with higher preoperative UIS were most likely
to be satisfied with the result of the UKA.

Recent evidence suggests that UKA might be an excellent
alternative to TKA in patients with unicompartmental tibi-
ofemoral OA [25]. However, there are still conflicting data in
the literature regarding long-term implant survivorship and
revision, following UKA. Specifically, Berger et al. [30] and
Argensen et al. [25] reported a 98% and 94% 10-year sur-
vival rate in Miller-Galante design UKA, respectively. Niin-
imiki et al. [31] using the data of the Finnish Arthroplasty
Register, reported a survivorship rate of 89.4% at 5 years
and 80.6% at 10 years in 4713 UKA, whereas the corre-
sponding survivorship of the TKA were 96.3% and 93.3%,
respectively. The most common mode of early implant
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failure was aseptic loosening accounting for the 26% of the
cases [32]. As for the reasons responsible for early failure,
several studies support that implant malposition [19], surgi-
cal technique [20], and poor patient selection [33] are the
primary factors affecting the long-term survivorship of the
UKA. Nevertheless, regarding patient selection, the data in
the literature are still conflicting and controversial. Precisely,
Kuipers et al. [20]. in an attempt to identify the factors asso-
ciated with early implant failure, studied retrospectively 437
oxford knee UKA with a 5-year survival rate of 84.7%. They
concluded that younger patients and radiological absence
of patellofemoral OA were the only factors that negatively
affected the implant survivorship, whereas obesity, gender,
and high surgeon UKA caseload did not affect the outcome.
Berend et al. [34] on the contrary, in a retrospective study
of 79 UKA reported a 78.8% 2-year survival rate, with BMI
of 32 kg/m? associated with a reduction in survivorship,
whereas age, gender disease severity, and implant design did
not affect the outcome. Although the reason for this discrep-
ancy in the literature is not known, we believe that it is more
likely a combination of factors that affect the outcome, rather
than a single patient factor independently. In our study,
several parameters that could affect the outcome of UKA
were included in the preoperative UIS (Table 1). At a mean
follow-up of 27 months, we observed no implant failure in
152 consecutive UKAs with a mean UIS of 27 points (range
20-30) followed prospectively. Three revision surgeries were
performed; however, the reason that lead to revision surgery
(2 hematomas, 1 deep infection) was not directly related to
the selection criteria included in UIS. These data suggest
that patients with UIS more than 20 points might have a high
implant survivorship and low revision rate, implying that
they could be considered potential candidates for a UKA.

The current study should be interpreted in light of its
potential limitations. The main drawback was the single-
center design. It should be stated that all the UKA were per-
formed from a high-volume knee arthroplasty surgeon, who
performs more than 250 arthroplasties a year. Therefore,
the results of this study might not reflect the outcomes of
low-volume surgeons. Additionally, most of the patients in
this study (91%) reported either excellent or good outcomes,
and the major complication rate was extremely low (1.9%),
at a mean 27-months follow-up. Furthermore, most of the
patients included in the current study had a high UIS (mean
27 points, range 20-30). More patients should be recruited
in future studies to determine the cutoff value of UIS score
for poorer outcomes.

In conclusion, the result of the current study suggests
that the newly introduced UIS might be a reliable preop-
erative scoring system to predict patients with excellent
satisfaction, functional outcome, pain relief and possibly
implant survivorship following UKA. To the best knowl-
edge of the authors, this is the only cohort to present a

preoperative, prediction score for UKA as an indicator
of proper patient selection. According to the results of
our study, the authors suggest that a UIS > 25 is consid-
ered a good indication score for patients being considered
for UKA with high chances of excellent outcome. On the
other hand, patients with a UIS of equal to or less than 25
points should be informed of the potential risk of lower
satisfaction and clinical outcome in comparison to patients
with UIS score of more than 25. A UIS < 20 is considered
from the authors formally a contraindication, as no data
are yet available to support implantation of UKA in these
patients. More patients should be recruited in future stud-
ies to confirm the validity and accuracy of the UIS on a
larger scale.
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