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ARTICLE INFO ABSTRACT

Article history: Background: Studies suggest that the development of a suitable patellar groove is highly
Received 1 September 2024 dependent on a regular patellar position imprinting the patellofemoral joint.
Revised 5 January 2025 Furthermore, previous studies have shown that breech position also has an influence on
Acc?pted 27 J.anuary 2025 the patellofemoral joint shape. The aim of this study is to exploratively analyze influences
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on patellar sagittal height in newborns.

Methods: In this ultrasound-based study, parameters influencing patellar height will be
exploratively examined (i.e. patellofemoral joint parameters, hip dysplasia, sex, body and
age characteristics of the parents and the newborn, intrauterine position). 98 newborns
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born between June 2023 and November 2023 at the University Hospital receiving an ultra-
sound hip screening examination received additional standardized ultrasounds of their
knees.

Results: For all 3 measured patellar height indices patellar height was lower for newborns
after breech positions. For one of the measured indices this result was significant
(p = 0.018). Patellofemoral trochlear configuration also showed significant relationships
to patellar height. A high sulcus angle and a lower internal rotation of the trochlea are sig-
nificantly related to lower patellar heights (multiple linear regression model, model fit:
p = 0.002, Coefficients: Sulcus angle p = 0.007, Trochlea angle p = 0.028).
Conclusions: Breech position, high sulcus angle and lower internal rotation of the trochlea
are significantly related to lower patellar heights. This is the first study to describe these
relationships in newborns and increases clinical awareness. As the exact nature of the rela-
tionships remains unclear further research should be conducted.
© 2025 The Author(s). Published by Elsevier B.V. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Ultrasound has proven to be a reliable tool for visualization of the newborn femoral trochlea and the position of the
patella [1]. An ultrasound-based analysis showed that the cartilaginous trochlear configuration was similar from birth to
18 years of age, suggesting that the trochlea is already well-developed in newborns [2].

There are reports of significant correlations between the degree of patella alta and patellofemoral alignment [3], while
there are no significant correlations between patellar height and trochlear morphology [4]. People with a patella alta suffer
from a reduced contact area [3] and increased patellar stress during brisk walking [5]. Studies have shown that the degree of
patella alta in patients with a history of patella dislocation does not change with age and the authors suggest that patella alta
is prevalent as a biomechanical conflict at a young age rather than developing in adolescence [6].

Past experiments showed that the patellofemoral trochlea flattened in rabbits with surgically induced inadequate patellar
positions, performed by a medial soft-tissue release [7]. The same effect could be shown for surgically induced patella alta
using a patellar tendon z-plastic on rabbit knees [8]. Supporting these interrelationships, patellectomy in rats leads to tro-
chlear dysplasia [9]. This suggests that developing a suitable patellar groove depends on a regular patellar position imprint-
ing the patellofemoral joint.

Previous studies have shown that breech positions influence the patellofemoral joint shape [10,11]. Because of the biome-
chanical relevance, it is necessary to examine whether breech positions also influence the degree of congenital sagittal patel-
lar height.

The study aimed to detect significant influences on sagittal patellar height in newborns.

2. Materials and methods
2.1. Ethical approval

The study design was presented to the local Ethics Committee, which approved the study protocol in advance of the
study. The study was carried out in accordance to the Declaration of Helsinki of the World Medical Association as amended
by the 64th General Assembly in Fortaleza in 2013.

2.2. Setting and patients

In this ultrasound-based study, newborns born at the University Hospital between June 2023 and November 2023 who
had planned in-house ultrasound screening examinations of the hip joints as part of the German U2-Health-Examination
were included. The U2-Health-Examination is performed between the 3rd and 10th day of living. We excluded newborns
who were born prematurely or who suffered from obvious malformations or were missing a lower extremity.

2.3. Data collection

A supplementary questionnaire was handed out to the child’s parents during the informative talk to collect data from
both parents concerning height, body weight, previous illnesses, medical history and risk factors for the presence of hip dys-
plasia. The parents of the patients were informed verbally and in writing by member of the orthopaedic and trauma surgery
department before the ultrasound examination.

The prebirth intrauterine position, week of birth and Body Mass Index (BMI) was determined via patient’s files. If a breech
position was reported, the patients file often did not determine the exact nature of the breech position. Thus, the presence of
a breech position was not divided into subtypes and included all types (incomplete, Frank and complete).

2.4. Ultrasound procedure and technique

As part of the routine screening examination for hip joint dysplasia in infancy, we carried out an ultrasound-based anal-
ysis of the characteristics of the femoropatellar joint. As a result, the examination took a few minutes longer for the patients.
Apart from this, there were no additional burdens or stress for the patients. The examinations were carried out by two pedi-
atric radiologists experienced in pediatric orthopaedic radiology.

The ultrasound examinations were performed with the newborn in a comfortable position besides the mother, father or
guardian. During the procedure, the examiner flexed the knee. We standardized two ultrasound planes (axial and sagittal) of
both knees to perform the examination as accurately as possible. Axial cross-sectional images were taken with the knee joint
flexed at approx. 90° to visualize the bone core of the distal femur and the unossified femoral condyles. The alignment of the
transducer was 90° to the femoral shaft axis. The axial plane was chosen so that the cut allowed ideal visualization of the
posterior condylar axis.

For the sagittal plane the femorotibial joint had to be flexed by 30°, in accordance and adopted from established
clinical practice in x-ray diagnostics [12]. This was because the patellar tendon was often not taut when the knee joint
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was in extension and the tendon fibers were therefore not aligned linearly. In those cases, the patellar tendon length/patellar
height would have been underestimated with extended knee joints and thus measured inaccurately.
The hip joints were examined in the standardized way according to the Graf classification [13].

2.5. Language

Fluent English-speaking authors wrote this text. This process was also supported by DeepL Translator (https://www.
DeepL.com/Translator (free version)) and Grammarly App (premiun update version, Grammarly Corporation, San Francisco).

2.6. Checklists

We used the STROBE cross sectional checklist when writing our report [14].

3. Theory and calculation

The hip joints were measured according to the Graf-classification [13]. The sulcus angle, the lateral trochlea inclination
(LTI), the trochlea angle (TA), the sulcus angle (SA) of the patellar groove was measured to characterize the trochlea or as a
measure of possible dysplasia (Figure 1).

All measured values referenced to the posterior condylar axis were determined using the axial plane of the knee joint. The
posterior condylar axis was measured at the point where the posterior condyles extended the furthest dorsally.

To calculate the Patellar Height Index 1 (PHI1), the distance from the distal end of the retropatellar cartilage to the ante-
rior proximal edge of the tibial head is first measured in a sagittal plane (E) (Figure 2) and then indexed using the epicondyle
distance (D) (Figure 1):

PHI1 = E/D

With the Caton-Deschamps index (CDI), the same measurement distance is set in relation to the joint length on the posterior
surface of the patella (G) [19,20] (Figure 2):

DI = E/G

The Patellar Height Index 2 (PHI2) uses the patellar tendon length (F) (Figure 2) from its origin at the inferior patellar pole to
the center of its insertion at the tibial tuberosity tibiae and is then set in relation to the epicondyle distance (D) (Figure 1):

PHI2 = F/D

Using the epicondylar distance as an indexing parameter for patellar height showed significant relationships with patellar
tracking parameters in a previous study [21]. Therefore, using the epicondyle distance for indexing was also adopted in this
study in addition to CDI.

The standardized sonographic pictures of the knee joints were measured. For all measurements an average of the left and
right knee measurements was calculated and used for further statistical analysis. The measurements were collected in a
table and were supplemented with the data from the questionnaires; if the questionnaires were incomplete, the remaining
data from the digital patient file ORBIS® (Agfa Health Care) was added, if available. The data was pseudonymized.

The data listed in Table 1 were collected from the patient files, the questionnaires and the ultrasound images.

Trochlea angle Sulcus angle ™~
.

ISl

Figure 1. Collected newborn’s patellofemoral parameters. left: Lateral trochlea inclination (LTI) (A), middle: Trochlea angle (TA) (B), right: sulcus angle (SA)
(C) and epicondylar distance (D). The lateral trochlear inclination (LTI) is the angle between the lateral trochlear inclination and the posterior condylar axis
[15-18]. To determine the trochlear angle (TA), a line is drawn from the most anterior point of the medial condyle to the anterior point of the lateral
condyle. The angle is then formed with the straight line of the posterior condylar axis [18]. The sulcus angle (SA) is the angle between the lateral and medial
facet [17,18].
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Figure 2. Measurement of patellar height. Green line (E): distance from the distal end of the retropatellar cartilage to the anterior proximal edge of the
tibial head is first measured in a sagittal plane, blue line (F): Patellar tendon length from its origin at the inferior patellar pole to the center of its insertion at
the tibial tuberosity, red line (G): joint length on the posterior surface of the patella.

Table 1
Overview of the analyzed variables.
General newborn‘s characteristics Newborn’s patellofemoral parameters Newborn’s patellar height Parent characteristics
Week of Birth Trochlea Angle (TA) Patellar Height Index 1 (PHI1) Age
Sex Sulcus Angle (SA) Patellar Height Index 2 (PHI2) Sex
Body Mass Index (BMI) Lateral Trochlea Inclination (LTI) Caton Deschamps Index (CDI) Weight
Prebirth intrauterine Position Newborn’s Hip parameters Height
Alpha Angle BMI
Beta Angle

3.1. Statistical analysis

Correlations were used to check whether a linear relationship existed between the predictors and the dependent vari-
ables. Pearson correlation coefficients were calculated for normally distributed predictors. For non-normally distributed
variables, Kendall-Tau correlations as a non-parametric alternative were established. Furthermore, the study investigated
whether sex or breech position influences the patellar height parameters. When independent samples were normally dis-
tributed, a T-test for independent samples was carried out.

All predictors that are linearly related to the dependent variable and show significant correlations were tested in a mul-
tivariate linear regression with backward elimination and corresponding models are created for further evaluation. In addi-
tion, possible multicollinearity of the predictors was checked before multiple linear regression models were performed.
Multicollinearity is not assumed for correlation coefficients of < 0.7 between the independent variables. The residuals of
all regressions after completion were checked both graphically and analytically for independence (Durbin-Watson test),
homoscedasticity (Breusch-Pagan test) and normal distribution (Shapiro-Wilk test). For all tests performed in this study,
alpha was set to p < 0.05.

We used Jamovi (The jamovi project (2020), Version 2.3 for Windows) and SPSS (SPSS Statistics 28.0.0.0, IBM, Armon; NY,
USA) to carry out the statistical tests.

4. Results
4.1. Patellar height and intrauterine position

For all measured indices the mean patellar height is lower for breech positions. PHI2 is significantly lower for breech posi-
tions (p = 0.018). No significant influence was found for PHI 1 and CDI.
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4.2. Patellar height and trochlea characteristics

PHI 1 and PHI 2 showed significant correlations with patellofemoral parameters. PHI 1 significantly correlated with SA
(Pearson-correlation —-0.301, p = 0.006) and almost significantly correlated with TA (Kendall Tau-coefficient 0.145,
p = 0.053), while PHI 2 correlated significantly with SA (Pearson-correlation —0.223, p = 0.043). Patellar height does not cor-
relate with the remaining metric variables of Table 1.

As mentioned above, PHI1 showed stronger correlations with patellofemoral parameters. Therefore, a multiple linear
regression model was built to test SA und TA as predictors of patellar height (PHI 1). The Model was highly significant
(p =0,002) and suggests that the tested patellofemoral characteristics can predict 12.8% (adjusted r2 of 0.128) of the patellar
height variance. Breech position was eliminated by backward elimination.

CDI does not correlate with the patellofemoral parameters.

For all statistical tests reported, the necessary assumptions (see Statistical Analysis) tested for were met.

4.3. Patellar height and the remaining variables of Table 1

Patellar height does not correlate with the remaining variables of Table 1.

5. Discussion

According to our results, the patellofemoral morphology, as well as the intrauterine position, are significantly related to
the patellar height (Table 2) in newborns. The lower the SA, the higher patellar height (PHI 1) (Table 3) and vice versa, mean-
ing flatter trochlea morphologies show significantly decreased patellar heights (using PHI1 and PHI2) in newborns. The exact
nature of this significant interaction remains unclear. This study does not contradict past paradigms but outlines significant
interrelationships between patellar height and anatomic trochlea configuration in newborns. To understand this, it is nec-
essary to differentiate between patellar tracking parameters and anatomic trochlea configuration, as they don’t describe
the exact same entity. However, these significant relationships could only be shown when not using traditional indexes
to measure patellar height. Conry et al come up with similar results for adult patients, when analyzing two groups of adult
patients in an ‘alta group’ and a ‘non-alta group’ and suggesting that in the ‘non-alta group’ the depth of the trochlea groove
was lower than in the ‘alta-group’ [22]. Luczak at el states that CDI does not significantly correlate with the sulcus angle but
does significantly correlate with LTI and reports corresponding p-values of this multivariate analysis [4]. The direction of the
described significant relationship by Luczak at el remains unclear. Luczak et al concludes that these correlations were not
strong and do not provide significant evidence that patellar position is intimately related to trochlear morphology.

In comparison to PHI1 and PHI2, CDI showed no significant relationships with trochlea shape parameters. This is in con-
sensus to a study analyzing adult knees [4], which also found no significant association between CDI and patellofemoral
alignment. The results resemble the findings of a previous doctoral thesis, using the epicondylar distance as an indexing
parameter to evaluate patellar height, which also delivered significant correlations to patellofemoral alignment parameters
in adults, while the traditional indices (CDI and Insall Salvati) did not [21]. Using the CDI to characterize patellar height
seems to hide significant results, not only referring to trochlea configuration but also to patellar tracking parameters (as
bisect offset and patellar tilt) in adults [15,22,23]. An the contrary using the epicondylar distance as a reference to index
patellar height, significant influences of patellar height and tracking parameters can be detected [21].

One possible explanation for the statistical weakness of traditional indexing in adults (as in the CDI), would be that mal-
trackers tend to have a significantly longer patellofemoral sagittal joint length [17]. If an index is used that sets the sagittal

Table 2
Independent Sample T-Test (PHI1, PHI2, CDI) with Grouping Variable of intrauterine Position (cephalic and breech position) with different measurements of
patellar height.

Independent Samples T-Test

Statistic df P
PHI1 Student’s t 0.933 85.0 0.354
PHI2 Student’s t 2416 87.0 0.018
CDI Student’s t 0.177 83.0 0.860
Group Descriptives
Group N Mean Median SD SE
PHI1 cephalic 59 0317 0314 0.0571 0.00744
breech 28 0.305 0.308 0.0615 0.0116
PHI2 cephalic 62 0.603 0.598 0.0672 0.00854
breech 27 0.566 0.575 0.0648 0.0125
CDI cephalic 56 0.969 0.980 0.1953 0.02610
breech 29 0.960 1.000 0.2305 0.0428
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Table 3
Multiple linear regression model using backward elimation with the significantly correlating variables (SA, TA and Breech Position) and the Patellar Height
Index 1 (PHI1).

Model Fit Measures
Overall Model Test

Model R R? Adjusted R? F df1 df2 p

1 0.387 0.150 0.128 6.87 2 78 0.002
Model Coefficients - PHI1

Predictor Estimate SE t P Stand. Estimate
Intercept 0.79229 0.18533 4.28 <.001

SA —-0.00347 0.00124 -2.79 0.007 -0.292

TA 0.00574 0.00256 224 0.028 0.234

patellar height in relation to the length of the sagittal articular surface, a systematically underestimated index for patellar
height in maltrackers is determined.

We could also show that a higher medial trochlea rotation, characterized by the TA, significantly positively correlates
with patellar height (PHI 1) in newborns. As patella alta is known to be a major risk factor for patellar dislocation in skeletally
immature [24] and skeletally mature individuals [25], this significant interaction could be a compensating attempt of the
developing newborn’s knee to stabilize patellar tracking of a ‘high riding’ patella. In this context it is interesting to note
the skeletal maturity or lower age at the first-time dislocation seems to be a significant risk factor of recurring patellar dis-
locations itself [26,27], perhaps indicating the role of insufficient compensation mechanisms of the patellofemoral system in
early life. Animal experiments also suggest that patellar height significantly influences the ‘imprint’ of the patellofemoral
joint [8]. Notably, patella alta and dysplastic patellofemoral joint parameters are key risk factors for both primary [25]
and recurrent patellar dislocations [27]. Since a flat trochlea profile seems to come along with a significantly higher patellar
height (Table 3), our work suggests that these risk factors tend to be present solely and should not show a tendency for coex-
istence after birth.

Our study included no patients with congenital patellar dislocations, since this condition is rare. It is defined as lateral
dislocation of the patella with unsuccessful closed reduction. Detection of this disorder is often delayed. Since ultrasound
can detect congenital patellar dislocations [28], systematic ultrasound of newborn’s knees after birth and knowledge of
the risk factors associated with patellofemoral abnormalities of the knee could improve early diagnosis and access to early
treatment. Congenital patellar dislocations seem to be influenced by genetic disorders [29]. Therefore, congenital patellar
dislocations seem to have a different and complex developmental foundation. In contrast, habitual dislocations in later child-
hood and adolescence seem to be influenced by the interaction of multiple biomechanical patellar tracking parameters like
patella alta, trochlea dysplasia and position of the tibial tuberosity [25].

According to our results breech positions lead to a significantly lower patellar height when characterized as PHI2. Previ-
ous studies have shown that the breech position with extended knees appears to be a risk factor for trochlea dysplasia
[10,11]. This strengthens the assumption that intrauterine positions affect the intrauterine range of motions of the lower
extremity and therefore influences the patellofemoral joint. Yet the exact mechanisms are yet unsolved and remain
theoretical.

The limitations of our work are missing clinical parameters as well as no follow-up analysis of the investigated individ-
uals. Also, patellar tracking and patellofemoral stability were not analyzed in this study.

5.1. Conclusion

Intrauterine position as well as patellofemoral trochlear morphology are significantly related to patellar height in new-
borns. This is the first study to describe the interrelation between patellar height and trochlea morphology in newborns, as
well as the significant relationship between breech position and patellar height. In newborns a decreased sagittal patellar
height shows a significant tendency towards increased sulcus angle, meaning a flatter trochlea morphology, and vice versa.
Increased sagittal patellar height was significantly related to a higher medial trochlea rotation. Breech positions lead to a
significantly lower patellar height when characterized with a patellar height index, using the epicondylar distance as a ref-
erence in indexing. Breech positions are known to be related to trochlea dysplasia [10,11] and showed lower patellar heights
according to our results. Hence, lower patellar heights are also significantly correlated with trochlea morphology in the
above manner. The exact nature of these significant interdependencies is still unsolved and should be subject to further
studies.
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