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Abstract

Background: Unicondylar knee arthroplasty was introduced in the late 1960s and remains a topic of controversial
discussion. Patient-specific instruments and patient-specific implants are not yet the standard of care. The question
remains whether this time-consuming and costly technique can be beneficial for the patient. The aim of this study
was to evaluate whether a custom-made unicondylar knee arthroplasty leads to improved patient-reported
outcome.

Methods: This retrospective study evaluates the patient-reported outcome after custom-made unicondylar knee
arthroplasty (CM-UKA, ConforMIS™ iUni® G2, ConforMIS Inc., Billerica, MA, USA). We evaluated 29 patients (31 knees)
at an average of 2.4 years (range 1.2–3.6 years) after operation for unicondylar osteoarthritis of the knee. The target
zone for the postoperative leg axis was a slight under-correction of 0–2° varus. Follow-up evaluation included the
Forgotten Joint Score (FJS), the Knee Society Score (KSS), a Visual Analogue Scale (VAS) and a radiographic
evaluation including a long-leg radiograph. Primary outcome measure was patient satisfaction based on the
Forgotten Joint Score.

Results: We found an excellent postoperative health-related quality of life with a mean FJS of 76.8 (SD 17.9)
indicating a low level of joint awareness after CM-UKA. The mean preoperative KSS was 66.0 (SD 13.71) and 59.4
(17.9) for the KSS function score. The increase was 22.8 points for the KSS knee score (p < 0.0001) and 34.8 points
for the KSS function score (p < 0.0001). The VAS for pain decreased from a mean of 5.4 (SD 1.8) to 1.1 (SD 1.2) (p <
0.0001). The malalignment rate with a postoperative deviation of more than 2° in the leg axis was 29%. There was
no evidence of component loosening after a mean follow-up of 2.4 years.

Conclusions: Custom-made unicondylar knee arthroplasty (CM-UKA) can provide improved clinical and functional
outcomes for patients with isolated knee osteoarthritis of the medial compartment. We found excellent results
regarding patient satisfaction and a low malalignment rate for CM-UKA. Further studies are needed to investigate
long-term survivorship of the implant.

Level of evidence: Level IV.
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Background
Although unicondylar knee arthroplasty (UKA) was
already introduced in the late 1960s by Marmor et al.
[1] it is still a topic of controversial discussion. Com-
pared to total knee arthroplasty (TKA), implantation
of UKA is less invasive due to a smaller skin incision,
less blood loss and greater preservation of the pa-
tient’s anatomy [2–4]. Large, registry-based studies
have shown better postoperative knee function and
increased patient satisfaction but also increased revi-
sion rates in comparison to TKA [5, 6]. Recent stud-
ies on comparison of UKA and TKA proved a
superior proprioceptive capacity and improved health-
related quality of life (HR-QoL) for UKA [7]. A better
understanding of the causes of failure has led to im-
proved clinical results and higher patient satisfaction
over the last decade [8]. In addition, prior studies
have shown that surgeons who regularly perform im-
plantation of UKA have a lower complication rate, es-
pecially lower mechanical complications [9, 10].
Introduction of patient-specific surgical instruments
and implants are seen to have tremendous potential
to improve the standard of care [11, 12]. In most
studies, the term patient-specific UKA is associated
with the use of patient-specific instruments for the
implantation of a standard prosthesis. In this study,
we used patient-specific instruments to implant a
custom-made prosthesis based on a preoperative CT
scan of the knee (ConforMIS™ iUni® G2, ConforMIS
Inc., Billerica, MA, USA). Therefore, we use the term
custom-made unicondylar knee arthroplasty (CM-
UKA) to indicate that instruments and implants were
patient-specific. Previous studies on patient-specific in-
strumentation of UKA have demonstrated superior im-
plant fit compared to standard UKA [13]. The question
remains whether this type of implant can be beneficial for
the patient’s perception of the joint after arthroplasty.
Conventional outcome measurement tools focus on func-
tional aspects like the range of motion or ligamentous sta-
bility [14, 15]. In recent studies, more importance has
been placed on patient-reported outcome. There is cur-
rently a lack of research into the impact of a patient-
specific implant on patient-reported outcome (PRO). The
purpose of this study is to investigate short-term PRO in
patients with CM-UKA for unicompartmental osteoarth-
ritis of the knee.

Methods
Study design
This retrospective, monocentric case study includes 31
knees in 29 consecutive patients who were treated with
CM-UKA for medial unicompartmental osteoarthritis of
the knee between January 2010 and December 2012.
Our institution is a highly specialized unit with pro-
spective data collection for all arthroplasty patients. We
collected perioperative data of the study population from
the hospital’s database retrospectively and performed
clinical radiological re-evaluation at follow-up. The indi-
cation for CM-UKA was based on modified criteria by
Kozinn and Scott [16]. The implants used were the sec-
ond generation of the custom-made unicondylar arthro-
plasty implant (ConforMIS™ iUni® G2, ConforMIS Inc.,
Billerica, MA, USA). Preoperative planning and manu-
facturing process of the CM-UKA requires around 6
weeks. Based on a 3D reconstruction of a CT scan of the
knee, the size and position of the patient-specific im-
plant are determined (Fig. 1). To determine the leg axis,
additional short distance scans of the hip and ankle joint
have to be included in the CT scan. The planning soft-
ware indicates osteophytes that have to be removed for
correct positioning of the cutting guide instruments on
femur and tibia. After removal of the osteophytes, the jig
fits perfectly on the condyle. Placement of the saw
guides is crucial to ensure correct transformation from
the preoperative planning to definitive implant position.
This type of implant has a fixed-bearing inlay and re-
quires cementing of both components (femoral and
tibial).
Inclusion criteria for this study were:

– isolated femoro-tibial OA of the medial compart-
ment (grade II-IV according to Kellgren and
Lawrence)

– sufficient bone stock in the medial compartment for
anchoring of the implant

– intact cruciate ligaments and collateral ligaments

Exclusion criteria were:

– varus deformity greater than 15°
– osteonecrosis of the distal femur or proximal tibia
– post-traumatic or post-infectious OA
– lost to follow-up
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Two patients were lost to follow-up, leaving 29 pa-
tients (31 UKAs) as study population. With a mean
follow-up of 2.4 years (range 1.2–3.6 years), the
remaining 31 CM-UKAs were evaluated clinically and
radiographically by the first author. Primary outcome
measure was the FJS at follow-up.

Clinical evaluation
The average age of the sample was 67 years (range:
52–80 years) (Table 1). Twenty-three patients had
prior surgery on the knee in their medical history (22
arthroscopies, 3 tibial osteotomies). All patients
underwent conservative non-operative treatment prior
to the arthroplasty (analgesia, anti-inflammatory

drugs, injections, physical therapy, or acupuncture).
Regarding the mechanical axis, the target zone was a
slight under-correction of 0–2° varus [17, 18].
The evaluation at follow-up was conducted by the first

author and included medical history, a standardized clin-
ical examination, and assessment of the following clin-
ical scores:

– clinical examination including range of motion
(ROM) and ligamentous stability

– Forgotten Joint Score (FJS) [19]
– Knee Society Score (KSS) [15, 20]
– Tegner Activity Level Scale [14]
– Visual Analogue Scale (VAS) for acute pain [21]
– Visual Analogue Scale (VAS) for patient satisfaction

Forgotten joint score (FJS)
The FJS score is a self-administrated 12-item PRO tool
measuring the loss of awareness of an artificial joint as
an indicator for the postoperative outcome.
The score is reported on a scale from 0 to 100, where

100 represents the best outcome indicating that the pa-
tient is not aware of the artificial joint in everyday life.
Validation studies proved excellent psychometric

Fig. 1 Preoperative planning procedure to determine optimal implant size and position

Table 1 Table showing patient demographics from our study

Age 67 years (52–80 years)

Sex 14 females (55%)
17 males (45%)

Compartment 31 medial (100%)

ASAa 7 patients with ASA II (23%)
24 patients with ASA III (77%)

BMIa 31.2 kg/m2 (24.6–45.4 kg/m2)

Follow-up 2.4 years (14 to 44 months)
aASA American Society of Anesthesiologists, BMI Body Mass Index
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properties and revealed a minimum important clinical
difference (MICD) of 14 points [19, 22–26].
The patients were asked to rate their level of satisfac-

tion on a visual analog scale. The value was transformed
into the following categories: 8–10 = “very satisfied”, 6–
8 = “satisfied”, 4–6 = “neither satisfied nor dissatisfied”,
2–4 = “dissatisfied”, 0–2 = “very dissatisfied”.

Radiological assessment
The radiographic analysis consisted of a weight-bearing
long-leg view, an anterior-posterior view, a lateral view
of the knee, and a patella axial view. The degree of OA
was rated according to the Kellgren and Lawrence Score
(KLS) [27] for pre- and postoperative images. The evalu-
ation was made for each compartment separately. The
retro-patellar OA was classified according to Sperner
[28]. The radiological analysis was carried out using the
zone method according to Gulati et al. [29] (Fig. 2. &
Table 2). The thickness and location of radiolucent lines
(RLL) was registered.

Statistical analysis
Statistical analysis was performed using the software
package SPSS (Version 23, SPSS Inc., Chicago, Illinois).
With the limited number of cases presented in this
study, assumption of normal distribution is critical. As a
consequence, outcome data should be expressed as me-
dian. However, for comparison reasons, we present
mean values ± standard deviation. The level of signifi-
cance was at p < 0.05 for all tests.
Due to the fact that there is no previous data on joint

awareness in CM-UKA, this preliminary study was de-
signed as an exploratory pilot study without any a priori
sample size calculation based on a primary endpoint.

Since normal distribution could not be assumed for all
variables (according to the Shapiro-Wilk normality test),
a two-tailed Wilcoxon Signed Ranks Test was used to
examine related samples; e.g. comparing pre- and post-
operative results of the KSS, the VAS for pain, and the
TAS. The Mann-Whitney U-Test was used to compare
non-related samples.
The Ethics Committee at the University of Regensburg

approved the study in May 2014 (Institutional Review
Board Number 14–101-0135). The study was registered
at the Center for Clinical Studies at the University Clinic
of Regensburg at the 09/07/2014. Trial Registration
number: Z-2014-0389-10- Regensburg Clinical Studies
Center (REGCSC).
A written informed consent was obtained from all pa-

tients in accordance with the declaration of Helsinki.

Results
Clinical evaluation
Table 1 shows demographic data recorded in 31 knees.
The average BMI was 31.2 (range, 24.6–45.4) and obes-
ity was not a determining factor in whether or not to
choose a UKA. The average pre-operative range of mo-
tion was 115° (range: 90–130). The mean preoperative
KSS Knee score was 66.0 (SD 13.71) and 59.4 (17.9) for
the KSS function score. The increase was 22.8 points for
the KSS knee score (p < 0.0001) and 34.8 points for the

Fig. 2 Radiographs with design of the specified regions for evaluation of presence and extent of radiolucency under the components

Table 2 Extend of radiolucent lines under the components

Tibial interface (A) Femoral interface (B)

none N = 25; 80.6% N = 30; 96.8%

1-2 mm N = 4; 12.9% N = 1; 3.2%

> 2 mm N = 1; 3.2% –
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KSS function score (p < 0.0001). No general complica-
tion had occurred by the time of follow-up (e.g.
thromboembolism, hemorrhage, prolonged wound heal-
ing, or post-operative infection). At follow-up, 90.3% of
patients reported either no pain or only occasional light
pain. One patient was cane-dependent due to a gait dis-
turbance as a consequence of a prior stroke. All other
patients reported the ability to walk an unlimited dis-
tance. The mean FJS was 76.8 (SD 17.9) indicating a low
level of joint awareness of the CM-UKA. The mean
Tegner Activity Level improved from 2.6 (SD 0.9) pre-
operatively to 3.3 (SD 1.0) postoperatively (p < 0.0001).
The VAS for pain during activity of daily living de-
creased from a mean of 5.4 (SD 1.8) to 1.1 (SD 1.2) (p <
0.0001). There was a significant improvement in all clin-
ical scores that were measured at pre- and post-
operatively (Table 3). 27 of the 31 patients were very sat-
isfied (VAS 8–10), 2 satisfied (VAS 6–8), and 2 were not
satisfied but not dissatisfied (VAS 4–6).

Radiological assessment
The short-term survival of the implant, considering revi-
sion and radiologic loosening to be failures, was 100%.
There was no evidence of component loosening in any
patient. Five patients showed partial RLL, of which one
patient presented partial radiolucency in the femoral
component in the very anterior region (zone 10) of less
than 2 mm. Five patients showed partial lucency under
the tibial component, only one of them > 2mm. The
very lateral zone (zone 1) was affected in 2 cases.
We recorded an increase of the mean KLS in the lat-

eral compartment of 0.3 (SD 0.5) preoperatively to 1.5
(SD 0.7) at follow-up (p < 0.001). However, none of these
patients complained of pain, joint effusion or other clin-
ical symptoms from the lateral compartment degener-
ation. No patient with a BMI < 25 kg/m2 showed
progression of OA in the lateral compartment.

The retro-patellar OA according to Sperner in-
creased from a mean of 1,1 (SD 0,6) to 1.77 (SD
0.76) (p = 0.001). No patient with a BMI < 25 kg/m2

showed any sign of radiographic progression of the
retro-patellar OA. No patient had any account of
clinical symptoms or pain and the patellar femoral
grind test [30] was negative in all patients.
We recorded a correction of the mechanical axis in

long-leg views from 4° of varus (SD 2.3) preoperatively
to a mean varus of 0.6° (SD 2.5). We aimed for a slight
under-correction of the mechanical axis of 0–2° varus.
In 22/31 knees the aimed range of 0–2° of varus was
achieved. The malalignment rate in total was 29% (4
knees were under-corrected with up to 5° of varus, 5
knees were over-corrected to a valgus alignment of less
than 5°) (Fig. 3). There was no relationship between
malalignment (2–5° varus or valgus) and reduced out-
come of the FJS.

Discussion
Main finding of this study is that CM-UKA for unicon-
dylar OA of the knee can provide improved clinical and
functional outcome. This is the first study to report on
PRO of custom-made implants of a UKA. We found
good results regarding patient satisfaction indicated by a
low level of postoperative joint awareness measured by
the FJS. These findings are also reflected in good short-
term clinical and radiological results at an average
follow-up of 2.4 years.
UKA is a well-established procedure for treatment of

unicondylar OA of the knee. However, the clinical and
radiological results are heterogeneous. There is an on-
going discussion about criteria for patient selection and
improvement of surgical technique to optimize postop-
erative outcome [31–33]. With a mean age of 67 years,
our patient population had the typical age distribution in
patients requiring UKA for unicondylar compartment
OA. The BMI had no significant effect on postoperative

Table 3 Summary of outcome for the cohort. Clinical scores with means presented with standard deviation (SD) in the two groups;
pre- and post-operatively with p-value

Pre-operative: Mean (SD) Post-operative: Mean (SD) P-value

FJS – 76.8 (17.9) –

KSS Knee 66.0 (13.7) 88.8 (6.6) < 0.001 *

KSS Function 59.4 (17.9) 94.2 (11.0) < 0.001 *

Tegner 2.6 (0.9) 3.3 (1.0) 0.003 *

VAS-pain 5.4 (1.8) 1.1 (1.2) < 0.001*

Sperner Score
Patellofemoral joint

1.1 (0.6) 1.8 (0.8) 0.001 *

Kellgren Score
Lateral compartment

0.3 (0.5) 1.45 (0.7) < 0.001*

Femorotibial alignment 176° (2.3) -4° varus 179.4°(2.5) -0,6° varus < 0.001 *

*level of significance α = 0.05 (Wilcoxon-Signed Rank Test)
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outcome, consistent with findungs in previous studies by
Murray et al. [34] and Thompson et al. [35]
Prior studies have shown that surgeon-related factors

like the implantation technique are of great importance
since inadequate positioning of the implant is the main
cause for early failure [36]. Generally, implantation of
UKA is technically more challenging than TKA, espe-
cially with regards to implant alignment and placement
[37]. Overcorrection of the leg axis can lead to progres-
sion of OA with persistent pain in the contralateral com-
partment, and should therefore be avoided [18]. Severe
under-correction (HKA angle < 170°) is equally undesir-
able due to wear of the inlay [38]. Hernigou et al. even
suggested that a varus alignment with a HKA angle of
up to 171° leads to lower wear [36]. Koeck et al. de-
scribed the target of leg axis correction with this specific
implant as a slight under-correction of 0–2° of varus [17,
18]. In our patient population, we were able to achieve
this target in 22 of the 31 cases. Mullaji et al. report that
a preoperatively strongly deviating leg axis was more
likely to present a postoperative remaining varus,
whereas a leg axis with only a slight varus was more
likely to achieve the wanted 0–2° of varus [39]. Gulati
et al. state that malalignment does not allow conclusions
about the level of patient satisfaction [40]. Our results
on the FJS support this assumption. However, this refers
to patients with a moderate postoperative deviation of
axis less than 5° [41].
Mechanical malalignment of the implant is seen as a

risk factor for early loosening. Batailler et al. recently
published a study on robotic-assisted UKA compared to
a conventional free-hand implantation of UKA. They
found a decreased misalignment rate of a postoperative
leg axis deviation of more than 2° in 16% of robotic-
assisted UKA, compared to 32% in the control group

treated with conventional free-hand implantation. We
found a malalignment rate of 29% and no case of a varus
or valgus deviation greater than 5° in our population.
Batailler et al. recorded patients with a malalignment of
more than 10°, even in the robotic-assisted group. In
their study, malalignment was the reason for revision in
three patients of the control group and they observed
three revisions for aseptic loosening after a mean follow-
up of 19.7 months. We did not record any revision due
to malalignment or aseptic loosening in our population.
However, long-term studies are required to analyze sur-
vivorship of this type of implant.
Several studies have proven superior functional abil-

ities and patient satisfaction for a UKA compared to
TKA [2, 41–46]. It should be noted that there is still a
significant number of dissatisfied patients even among
those with an excellent outcome based on objectifiable
clinical and radiological criteria [38, 47]. The influence
of PRO in clinical decision making is rising. Several au-
thors have investigated PRO during the first 2 years after
knee arthroplasty and found no relevant change later
than 12months postoperatively [26, 48, 49]. Accordingly,
we chose a minimum-follow-up of 1 year postoperatively
for evaluation in this study.
In comparison to studies with a similar collective and

observational period for unicompartmental prosthesis,
our results are similar regarding satisfaction, KSS for
pain and function, pain reduction and FJS [42, 44]. The
postoperative increase of the KSS after CM-UKA
exceeded MICD of 7.2 points by far [50]. Reduction of
pain, measured by the VAS for pain, was also at a clinic-
ally relevant level of 1.6 [51]. The change in the nominal
Tegner Activity Scale increased by 0.7 levels. The ultim-
ate goal in UKA should be the complete unawareness
oblivion of the knee in patients’ everyday life. But even

Fig. 3 Postoperative mechanical leg axis alignment
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results of a healthy group of controls reported by Beh-
rend et al. have shown a FJS of 86.6 (SD 17) for male
and 79.3 (SD 23.2) for female participants, therefore
showing that even healthy subjects become aware of
their knee joints in everyday life [19].
Flury et al. examined the outcome of patient specific

UKA 55months after implantation. FJS was 87 (SD 23)
and 89.6% of all patients reported satisfaction during the
final follow up. They found an implant survival rate of
92% and excellent accuracy regarding component place-
ment in UKA [52]. Even though well-established stand-
ard implants result in a lower FJS than patient specific
implants, UKA in general shows superior results than
TKA.
A study by Zuiderbaan evaluated FJS in standard UKA

and found a FJS of 74.3 ± 24.8, compared to a FJS of
59.8 ± 31.5 in TKA 2 years after implantation [53].
Baumann et al. compared the FJS of patients with

bicruciate-retaining implants (53.4 ± 26.4), cruciate-
sacrificing implants (38.9 ± 22.0) and standard UKA
(53.6 ± 22.2) 18 months postoperatively [7]. Stempin
et al. conducted a study to evaluate the medium-term
outcome of cementless, mobile-bearing, unicompart-
mental knee arthroplasty and found a FJS of 75.5 (SD
5.5) after 5 years [54]. Peersmann et al. evaluated pa-
tients in a prospective cohort study and found UKA pa-
tients with a FJS of 91.3 (range 85.3–97.3) to be less
aware of their joint replacements than TKA patients
with a FJS of 54.8 (range 49.3–60.2) 1 year after implant-
ation [55]. Therefore implant survival rates and patient
satisfaction in the present study are comparable to the
highest levels reported for standard, non-customized
UKA implant models in literature.
Hence the concept of individualizing with a CM UKA

may be beneficial for treatment of medial compartmen-
tal OA of the knee. However, careful patient selection is
crucial to maintaining a high level of satisfaction in
UKA.
This study has some limitations. The main limitation

is the non-controlled design of the study. Since UKA is
a well-established procedure, there are a number of
studies on FJS after UKA that were published since we
compared our data to literature. From a scientific point
of view, a postoperative evaluation by CT would have
provided greater accuracy in radiographic measure-
ments. But since this is a clinical study involving pa-
tients, this would not have been compliant with the
Ethics Committee’s requirements for patient safety. Add-
itionally, follow-up spans a long period of time for logis-
tic reasons. The procedure of custom-made implants
and instruments is time-consuming and costly. There-
fore, the recruitment period was 2 years, affecting the
range of follow-up as well. Lastly, the follow-up period
does not allow a conclusion on the long-term results.

Further studies are needed to investigate if the durability
of CM-UKA.

Conclusion
Custom-made unicondylar knee arthroplasty (CM-UKA)
can provide improved clinical and functional outcome
for patients with isolated knee OA of the medial com-
partment. This is the first study to report on PRO of
CM-UKA. We found excellent results regarding patient
satisfaction indicated by a reduced level of joint aware-
ness. Further studies are needed to investigate long-term
survivorship of CM-UKA implants.
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