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A decreased tibial tuberosity‑trochlear groove distance is associated 
with lateral patellofemoral joint degeneration after implantation 
of medial fixed‑bearing unicompartmental knee arthroplasty 
— a minimum five year follow‑up
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Abstract
Purpose The influence of lateral patellofemoral osteoarthritis (PFOA) in medial unicompartmental knee arthroplasty (UKA) 
is controversial. Our aim was to identify radiographic factors that may lead to progressive PFOA after implantation of a 
fixed-bearing medial UKA and their impact on patient-reported outcomes (PROMs).
Methods A retrospective consecutive cohort of patients undergoing medial UKA with a minimum follow-up of 60 months 
between September 2011 and January 2017 was identified. All UKAs had a fixed-bearing design with cemented femoral and 
tibial components. PROMs included documentation of the Oxford Knee Score (OKS). The following radiographic parameters 
were evaluated on conventional radiographs and computer tomography (CT) scans: patella tilt angle, patella congruence 
angle, Caton-Deschamps index, medial and lateral patellofemoral degeneration (Kellgren-Lawrence Classification (KL)), 
mechanical anteroposterior axis, femoral torsion, tibial tuberosity to trochlear groove distance (TTTG), anteroposterior 
translation of the femoral component. A hierarchical multiple regression analysis and partial Pearson correlation analysis 
(SPSS) were used to evaluate for predictors of progression of lateral PFOA.
Results Forty-nine knees allowed PFOA assessment and had an average follow-up of 62 months (range 60–108). Twenty-
three patients did not exhibit any progression of lateral PFOA. Twenty-two progressed with 1 stage, whereas four had pro-
gressed 2 stages according to the KL classification. TTTG negatively correlated with progressive lateral PFOA (r =  − 0.436, 
p = 0.01). Progression of lateral PFOA did not correlate with OKS at last follow-up (p = 0.613).
Conclusion A decreased TTGT correlated with radiographic progression of lateral PFOA after medial fixed-bearing cemented 
UKA. PFOA however did not influence PROMs at a minimum of five years postoperatively.

Keywords Knee arthroplasty · Unicompartmental knee arthroplasty · Unicondylar knee replacement · Partial knee 
arthroplasty · Osteoarthritis · Patellofemoral

Introduction

Unicompartmental knee arthroplasty (UKA) is a recognized 
treatment for medial compartment osteoarthritis (OA) of 
the knee with promising long-term implant survival rates 
ranging from 85 to 90% at 15 years [1, 2], as well as func-
tional- and patient reported outcome measures (PROMs) 
[3]. Nevertheless, there is still debate about the ideal patient 

selection receiving this kind of joint replacement [4]. The 
most common reasons for revision are represented by oste-
oarthritis (OA) progression and aseptic loosening [5]. Up 
until now, radiologic or clinical evidence of patellofemo-
ral joint osteoarthritis (PFOA) has not been considered an 
absolute contraindication for UKA, though its role remained 
controversial [6–8]. In fact, evidence exists that PFOA is an 
underappreciated subgroup of knee OA in respect of clinical 
symptoms [9, 10].

Due to postoperative aggravation of contralateral PFOA 
after UKA [11] and inferior clinical results in these popula-
tion groups [12], the condition of preoperative PFJ degen-
eration gains even more importance relating to treatment 
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options and indications. Some authors even consider a total 
knee arthroplasty more suitable in cases of preexisting chon-
dral degeneration in the lateral patellofemoral compartment 
[12, 13]. As opposed to medial PFOA OA, the lateral PFOA 
seems to have an impact on PROMs according to Konan and 
Haddad [12]. The role of topographical location and severity 
of cartilage damage in the patellofemoral joint needs fur-
ther clarification, as the decision of undergoing TKA has an 
impact on patients’ health in terms of hospital stay duration, 
range of motion, short-term complication and revision rates 
[14, 15].

It is further hypothesized that an increased femoral ante-
torsion may lead to patellofemoral degeneration in native 
knees [16]. Since lateral PFOA can potentially influence 
outcomes after UKA, and several factors are described in 
the literature influencing patellofemoral joint stress [16–20], 
this study aims to identify radiographic factors associated 
with progression of lateral PFOA after medial fixed-bearing 
UKA and to evaluate its correlation to the mid-term PROMs 
and revision rates.

Methods

This retrospective study was approved by the ethics com-
mission board of northwest and central Switzerland and was 
conducted entirely at the authors’ institution: BASEC Nr 
2022–01,280.

Study cohort

Out of the institution’s database that included every uni-
compartmental or total knee replacement executed between 
September 2011 and January 2017, all UKA were identi-
fied. Patients with a minimum follow-up of five years were 
reviewed retrospectively. Patients underwent primary UKA 
(MyKnee UNI®, Medacta International, Castel San Pietro, 
CH) for symptomatic, medial unicompartmental knee OA 
stage III–IV according to the Kellgren–Lawrence classifica-
tion (primary or secondary) [21] with sparing of the lateral 
tibiofemoral compartment. Preoperative radiological assess-
ment was carried out analyzing weight-bearing anteropos-
terior, lateral, and Rosenberg views of the knee and an axial 
view of the patella. Mechanical axis was evaluated preop-
eratively using a weight bearing full-length anteroposterior 
radiograph.

Indications included the prerequisites: frontal deform-
ity < 15°; flexion contracture < 15°; functional integrity of 
the anterior cruciate ligament (ACL), and peripheral liga-
ments of the knee as well as the absence of an inflamma-
tory arthropathy [22]. UKA implantation for anteromedial 
OA requires medial bone-on-bone arthritis, a functionally 

normal ACL, a functionally normal medial collateral liga-
ment, intact full-thickness lateral tibiofemoral cartilage [23].

Surgical technique

The UKAs were performed by two staff surgeons. Minimal 
invasive incisions of the medial respectively lateral para-
patellar approach were utilized. The patella was sublux-
ated but not everted laterally. In all participants, tibial and 
femoral preparation was performed using patient-specific, 
3D-printed cutting blocks made of Polyamid PA12 by 
Medacta International, which were designed fitting the local 
anatomy according to the preoperative computed tomogra-
phy (CT). The data of the preoperatively scans were sent to 
the company engineers (Medacta International S.A., Castel 
San Pietro, Switzerland). The position and size of the TKA 
according to the surgeon’s preferences was planned. In all 
cases, a neutral mechanical axis [0°; or hip–knee–ankle 
angle (= HKA) = 180°], a posterior slope of the tibia compo-
nent between 2° and 4°, a flexion of the femoral component 
between 0° and 4° aiming best component position without 
notching or overhang, and an external rotation of the femo-
ral component of 3° or 4° were intended. After assessment 
and eventual correction, the surgeon confirms the protocol 
and the patient-specific cutting blocks were manufactured 
[24]. Implants had fixed-baring design with cemented tibial 
and femoral component and were produced by MyKnee 
Solutions of Medacta International® (Strada Regina, 6874 
Castel San Pietro, Switzerland). In several cases with small 
tibial component size (< 2), a full-polyethylene implant 
may have been used instead of a metal-backed implant [25]. 
Clinical and radiological assessments were conducted at 
three months, one year, and five years postoperatively.

Clinical outcome measures

During the postoperative follow-ups, Oxford knee score 
(OKS) as a representative of the PROMs for the knee has 
been assessed standardly. Only the OKS at the last consul-
tation was taken into account during the analysis. If patient 
records reported a radiological assessment and a missing 
OKS, they were excluded.

Radiographic assessment

The following parameters were evaluated on pre- and post-
operative conventional radiographs: Patella tilt angle, patella 
congruence angle, Caton-Deschamp’s index, medial and 
lateral patellofemoral degeneration (Kellgren-Lawrence 
classification), frontal mechanical axis, and anteroposte-
rior translation of the femoral component. Tibial tuberosity 
to trochlear groove distance (TT-TG) and femoral torsion 
were assessed on the preoperative three-dimensional CT 
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scan. Measurements were always taken from recordings of 
the last available follow-up. Conventional radiographs were 
recorded standardly weight-bearing. CT examination had 
been performed in supine position with straightened legs 
and a symmetric pelvis. Imaging was analyzed in a blinded 
manner on the picture archiving and communication system 
(PACS) using PACS measurement tools. Calibration was 
performed using a 25-mm reference ball [26].

Lateral patellofemoral joint degeneration

To record pre- and postoperative degenerative changes 
in the patellofemoral compartment of the knee on 
standard skyline radiographs of the patella [27], Kell-
gren-Lawrence (KL) classification system was applied 
(Fig. 1) [28–30]. It classifies radiographs as follows: 
0, no findings of osteoarthritis; 1, doubtful joint space 
narrowing and possible osteophytic lipping; 2, definite 
osteophytes and possible joint space narrowing; 3, mul-
tiple osteophytes, definite joint space narrowing, small 
pseudocysts, and possible deformity of bone contour; 4, 
large osteophytes, marked joint space narrowing, severe 
sclerosis, and definite deformity of bone contour [21]. 
Disease progression was accounted for any change in the 
degree of KL PFOA.

TT‑TG

Preoperative Tibial tuberosity to trochlear groove distance 
(TT-TG) measurements were performed, as traditionally 
described [31], in CT radiographs (Fig. 2). Thus, patellar 
translation was documented by measuring the transverse 
distance between the femoral trochlear groove and the tibial 
tuberosity on axial CT imaging.

Caton‑Deschamp’s index

In order to establish the vertical level of the patella, Caton-
Deschamp’s index was calculated [32]. According to the 

describers, the patellar articular surface length and the 
length between the anterior angle of the tibia plateau and the 
most inferior aspect of the patellar articular surface were put 
in relation. Measurements were conducted in lateral record-
ings of the knee (Fig. 31).

Patellar tilt angle

Patellar tilt angle was measured in the Merchant view. In 
this series, the angle between the intercondylar line and a 
line drawn through the transverse axis of the patella was 
adopted [33]. The patellar tilt was expressed as a positive 

Fig. 1  Pre- and postoperative 
contralateral patellofemoral 
joint degeneration was analyzed 
on skyline-view radiographs. 
In order to grade patellofemo-
ral arthrosis, the Kellgren-
Lawrence classification system 
(KL grade 1–4) was applied. 
This example shows a right 
patellofemoral joint with grade 
2 lateral degeneration (asterisks 
in picture A) preoperatively 
and grade 4 lateral degen-
eration (asterisks in picture B) 
60 months postoperatively

Fig. 2  TT-TG was measured traditionally in axial CT radiographs: 
This example pictures a right knee. A rectangular line (CD) relating 
to a tangent (AB) touching the posterior aspect of the femoral con-
dyles was drawn, bisecting the trochlear groove (TG) of the femur. A 
second rectangular line (EF) bisecting the anterior spur of the tibial 
tuberosity (TT) was then applied. Distance between these two lines 
(D′) was measured and depicted as TT-TG distance
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value, when the transverse axis of the patellar body tilted to 
the lateral side of the knee (Fig. 32) and as a negative value 
when it tilted medially [34].

Patellar congruence angle

As an index for patellar subluxation, patellar congruence angle 
was assessed, measuring the angular stretch between the bisect-
ing line of the sulcus angle and a line drawn from the apex of 
the sulcus angle to the lowest point of the patellar articular ridge 
[35]. Again, lateral subluxation was defined as a positive value, 
concluding a negative value for medial subluxation. Measure-
ments were performed in Merchant views of the patella (Fig. 33).

Frontal mechanical axis

Mechanical axis measurements were performed on full-
length weight-bearing anteroposterior radiographs. The 
angle between a line from the centre of rotation of the fem-
oral head, respectively the centre of the medial and lateral 
malleolar aspect to the centre of the patella, was assessed. 
Valgus alignment of the knee, where the patellar centre was 

lying medial to the Mikulicz line, was defined as a negative 
value. Varus alignment was assigned a positive value.

Femoral component anteroposterior position

Since anteroposterior position of the femoral component 
seems to influence patellar osteoarthritis after unicompart-
mental knee arthroplasty, this parameter was captured as 
well according to the method described by Hernigou and 
Dechamps [11]. On preoperative radiographs, the distance 
between the intercondylar roof to a parallel line aiming on 
the trochleocondylar junction was measured (Fig. 41, 2). On 
postoperative images, the distance from the intercondylar 
roof to a parallel line through the anterior aspect of the com-
ponent was measured. The difference between these two dis-
tances displayed the anteroposterior position of the femoral 
component in relation to the trochleocondylar junction [11].

Femoral torsion

Torsion measurement of the femur was performed accord-
ing to the method described by Murphy et al. [36, 37]. This 

Fig. 3  1 Caton-Deschamps index was measured on lateral x-rays 
of the knee. In order to calculate the index, the distance between 
the anterior angle of the tibial plateau and the inferior aspect of the 
patellar articular surface (red arrow) as well as the patellar articu-
lar surface length (green arrow) were measured. 2 Patellar tilt angle 
was measured as the angle (⍺) between a tangent touching the ante-
rior surface of the femoral condyles (A and B) and a line intersect-
ing the patella on its widest part. 3 Patellar congruence angle meas-

urement: a left patellofemoral joint is depicted in skyline-view. First, 
the angle between the highest medial (C) and lateral (D) point of the 
femoral condyles was measured centering over the trochlear sulcus 
(TS). Then, the lowest point of the articular ridge of the patella (F) 
was identified. A line was drawn from TS through F. The angle (γ) 
between the trochlear grove bisectrix and the line crossing TS and F 
was accepted as patellar congruence angle
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method is frequently used and seems to accurately address 
femoral torsion. Hence, the utilized landmarks in the preop-
erative CT consisted of the posterior distal femur condyles, 
femoral head centre, and femoral neck. Thereby, the anterior 
angulation line was centered between the anterior and pos-
terior femoral neck cortex on the level just superior to the 
lesser trochanter. The posterior angulation line was drawn 
tangential on the posterior distal femoral condyles (Fig. 5).

Statistical analysis

Descriptive analyses of patient characteristics were per-
formed with use of means and standard deviations for con-
tinuous variables and with frequencies and percentages for 
discrete or dichotomous variables. Pearson’s correlation 
analysis was used to identify correlations between PROMs 
and radiographic findings.

A hierarchical multiple regression analysis (SPSS) was 
used to evaluated for independent predictors of progression 
of OA in the LPF compartment. This was done to first match 
the population based on the following variables: BMI, age, 
and gender. An a priori power analysis for a multiple regres-
sion revealed a minimum required sample size of 41 for an 
anticipated effect size (f2) = 0.35 (large effect size) and a 
desired statistical power of 0.8 (total number of predictors 
— 7). The multiple regression analysis allowed the inclu-
sion of all covariates (TTTG distance, Caton-Deschamps 
Index, femoral torsion, postoperative femoral component 

anteroposterior position, delta mechanical axis, delta patella 
tilt, and delta patella congruence) in the regression equation 
for calculation of each risk factor independently. The sample 
size of the study has achieved these minimal requirements.

Fig. 4  1 and 2 depict the 
method used to measure femoral 
component position. Refer-
ring to the method presented 
by Hernigou and Deschamps, 
lateral knee x-rays were used. 
Preoperatively, the distance (H) 
resulted of the measurement 
in millimeters between the 
slope of the intercondylar roof 
(AB) and a parallel line (CD) 
crossing the trochleocondylar 
junction (TCJ). Postoperatively, 
the distance H′ resulted of the 
distance between slope of the 
intercondylar roof (A′B′) and 
a parallel line (C′D′) crossing 
the anterior part of the femoral 
component (AFC)

Fig. 5  The figure shows the applied measurement technique of the 
femoral torsion: Here, the angle (⍺) between a tangent touching the 
posterior aspect of the femoral condyles and a line bisecting the mid-
dle of the femoral neck width (FNW) just above the minor trochanter 
region and subsequently passing through the femoral head rotation 
centre (RC) was recorded
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All statistical tests were 2-sided, and p value of < 0.05 
was considered statistically significant. All analysis was 
performed with SPSS (version 23.0; IBM SPSS Statistics).

Results

From a total of 69 eligible patients, 57 (83%) were avail-
able for follow-up. Out of these, there were 49 patients 
with available pre- and postoperative Merchant views that 
allowed PFOA assessment and were selected for further 
analysis. The last follow-up averaged 62 months (range 
60–108). There were 31 males and 18 females with an 
average age of 69 years (range 47–82). The BMI averaged 
28.6 kg/m2 (range 21–39.7). All the medial UKAs had 
cemented femoral and cemented tibial components, with 
two knees having received a full-polyethylene cemented 
tibial implant. Five patients (10%) received previous sur-
gery: four a partial medial meniscectomy and one a previ-
ous high tibial osteotomy (HTO). Regarding comorbidities, 
seven patients (14%) suffered from diabetes mellitus. At 
the last follow-up, there were no revision surgeries and no 
conversions to TKA. The OKS score averaged 43.5 at last 
follow-up (range 22–48).

The pre- and postoperative radiographic parameters 
along with the PFOA degeneration are emphasized in 

Table 1. The preoperative mechanical axis averaged 6° 
(range 0 to 12°), with some postoperative values insinu-
ating overcorrections (range − 2 to 10°). There were no 
subchondral cysts before surgery with five subchondral 
retropatellar cysts depicted medially and two knees with 
both medial and lateral retropatellar subchondral cysts on 
latest Merchant view radiographs. Twenty-three patients 
did not exhibit any progression of degeneration in the LPF 
compartment. Twenty-two progressed with 1 stage OA, 
whereas four had progressed 2 stages OA according to the 
KL classification (Table 1).

A hierarchical multiple regression analysis matched on 
BMI, gender, and age revealed that lower values of TTTG 
correlated with progressive lateral PFOA (r =  − 0.436, 
p = 0.01). Femoral torsion (p = 0.102), postoperative 
anteroposterior position of the femoral component 
(p = 0.410), and the Caton-Deschamps Index (p = 0.860) 
were not independent predictors for progression of lateral 
PFOA. Preoperative, postoperative, and delta values of 
the mechanical axis (p = 0.499), patella congruence angle 
(p = 0.678) and patella tilt (p = 0.678), did not show sta-
tistically significant correlation to lateral PFOA in the 
regression analysis.

Also, progression of lateral PFOA did not correlate (par-
tial Pearson’s analysis with controlling for age, BMI, and 
gender) with OKS at last follow-up (p = 0.613).

Table 1  Pre- and postoperative radiographic parameters

Avg average, nr. number; n/a not applicable, TTTG  tibial tuberosity trochlear groove distance, PFOA patellofemoral osteoarthritis graded using 
the KG (Kellgren-Lawrence Classification) with grading from 0 to 4

Preoperative (Avg, range) Postoperative (Avg, range) Change — delta (Avg, range)

Patella Tilt Angle° 7.1 (1,2 to 16,6) 5.1 (− 3.3 to 18.6) 2.0 (− 8.2 to 13.4)
Patella Congruence Angle° (medial negative 

and lateral positive values)
0.5 (− 16 to 17.5)  − 0.6 (− 50.3 to 33.4)  − 1.0 (− 50.3 to 27.7)

Caton-Deschamps Index 1.0 (0.71–1.61) n/a (Unchanged) n/a
Anteroposterior Translation of the Femoral 

Component, mm
n/a 6.6 (− 2.3 to 19.6) n/a

Mechanical Axis° (valgus negative and varus 
positive values)

6.0 (0–12.3) 4.2 (− 2.4to 10.4)  − 1.9 (− 5.6 to 3)

Femoral Torsion° 13.4 (− 2.5 to 29.8) n/a (Unchanged) n/a
TTTG, mm 11.5 (2.9–18.7) n/a (Unchanged) n/a
Medial PFOA KG Grade 0–0

KG Grade 1–6
KG Grade 2–33
KG Grade 3–7
KG Grade 4–3

n/a n/a

Lateral PFOA KG Grade 0–6
KG Grade 1–17
KG Grade 2–23
KG Grade 3–2
KG Grade 4–1

KG Grade 0–1
KG Grade 1–9
KG Grade 2–26
KG Grade 3–10
KG Grade 4–3

No progression of PFOA — 23 Pro-
gression with 1 stage OA — 22

Progression with 2 stages OA — 4

Patellofemoral subchondral cysts, nr. (location) None 5 (medial retropatellar)
2 (both medial and lateral 

retropatellar)

5 (medial retropatellar)
2 (both medial and lateral retropatellar)
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Discussion

The main finding of this study is represented by the deter-
mined correlation of the preoperative TTTG in predicting 
progression of lateral PFOA after implantation of medial 
cemented fixed-bearing UKA. Although our initial assump-
tion that an increased femoral antetorsion may lead to lateral 
PFOA, as it has already been observed in a cohort of native 
knees [16], did not confirm itself, we found a positive trend 
during regression analysis (p = 0.102). It is possible that in a 
bigger cohort with a larger sample size, smaller differences 
could have been detected, since our regression analysis had 
sufficient power for only large effect sizes.

An important limitation is the method of evaluation for 
joint degeneration that was used in our cohort. The KG 
classification is known to have only a moderate to substan-
tial inter-rater and intrarater reliability [38]. Ideally, mag-
netic resonance imaging (MRI) with metal artifact-reduc-
ing sequences should be used [39]. Although trochlear 
dysplasia is mainly attributed to patellofemoral instability 
[40], any changes to the depth of the trochlea or the initial 
trochlear morphology in UKA could potentially impact the 
contact pressure in the patellofemoral joint [41]. There is 
a recent report [42] where the presence of lateral trochlear 
osteophyte was associated with poor PROMs after medial 
UKR. Our cohort, however, did not have a significant num-
ber of osteophytes, which could not confirm or infirm the 
results from the study by Carender et al. [42]. Whether 
the patellar morphology can impact the PFOA is also to 
be investigated, as it could play a role in patellofemoral 
instability [43, 44]. A further aspect worth considering is 
the rotational position of the components in the axial plane. 
An optimal implant should have between 2° and 6° femo-
ral component external rotation and 1–8° tibial component 
external rotation in mobile-bearing UKR [45]. In fixed-
bearing UKR, the tibial component rotation can be oriented 
based on the tibial tuberosity, and the other components are 
implanted for best fit, without evidence of impingement or 
instability in both flexion and extension [46]. A rotation 
between 3° of internal to 3° of external rotation should be 
achieved [47]. Our data lacked a postoperative CT scan, 
which prevented the assessment of component rotation.

As mentioned above, in our cohort, the OKS score did 
not correlate with progression of lateral PFOA at the last 
follow-up. Apart from the imperfection of the OKS for the 
evaluation of patellofemoral symptoms, it is possible that a 
certain degree of disease progression is necessary in order 
to change PROMs [48, 49]. Disease progression with 1 stage 
according to KL classification may be too little to impact 
PROMs significantly.

Generally, the TTTG distance is used to evaluate for an 
overly lateral insertion of the patellar tendon on the tibia in 

cases with patellar instability [50]. Next to its known con-
tribution to instability, Stephen et al. reported an increased 
joint contact pressure in their cadaveric study on eight 
specimens [51]. Also, in a recent cross-sectional study, it 
was shown that an increased, rather than decreased, TTTG 
distance may contribute to patellofemoral pain syndrome 
in native knee joints [52]. Tanaka [53] and Kaplan [54], 
however, have described negative correlations of decreased 
sagittal TTTG distances and patellofemoral chondral lesions 
in native knees. Since these papers were investigating natural 
knees and UKAs clearly seem to influence patellofemoral 
biomechanics dependent on femoral component placement 
(Hernigou and Deschamps, 2002), further investigation 
needs to be conducted to establish the role in predicting 
PFOA after UKA. Future prospective studies should clarify 
the role of TTTG distance on the pathomechanics of the 
medial UKA on the patellofemoral joint and ultimately the 
impact on PFOA and PROMs [55].

The main limitation of our study is a lack of a specific 
PROM measures for the patellofemoral joint. Although the 
OKS has been already used across multiple studies for evalu-
ation of patient satisfaction and function after medial UKA 
[56], the need of a more specific PROM measure has been 
advocated in recent publications [57]. As such, the influ-
ence of lateral PFOA on the outcome of medial UKAs needs 
further investigation. Nevertheless, our study is the first to 
have investigated radiographic predictors of progression of 
lateral PFOA after implantation of a fixed-bearing design 
of a medial UKA. Previous reports which have focused on 
investigations of Oxford mobile-bearing designs [12, 58] 
did not investigate the progression of PFOA [35] and did 
not include the same amount of radiographic parameters as 
depicted here (these studies lacked assessment of TTTG, 
femoral torsion, and other) [12, 35].

Conclusion

A decreased TTGT correlated with radiographic progression 
of lateral PFOA after medial fixed-bearing cemented UKA. 
PFOA however did not influence PROMs at a minimum of 
five years postoperatively.
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