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Minor change in the sulcus angle during the first
six years of life: a prospective study of the femoral
trochlea development in dysplastic and normal knees
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Abstract

Purpose The aetiology of femoral trochlear dysplasia is un-
known. The aim of this prospective cohort study was to
describe trochlear development in a newborn population
during the first six years of life.

Methods In an earlier study, the femoral trochlea was exam-
ined by ultrasound in 174 newborns. A dysplastic trochlea
was defined with a sulcus angle (SA) above 159°. Two groups
were defined, one group of 15 knees with SA > 159° (dys-
plastic group), and one group of 101 knees with SA < 159°
(non-dysplastic group). In the present follow-up study, the
children were further examined at six, 18 and 72 months.

Results There was a statistically significant difference in the
SA between the dysplastic and the non-dysplastic group at
all follow-ups (p < 0.007). A small but statistically significant
change in the SA between 0 to 72 months was detected for
the dysplastic knees (p = 0.032) and for the controls (p <
0.001).

Conclusion Only minor changes in the anatomy of the fem-
oral trochlea from newborn to age six years were found. A
dysplastic trochlea at birth remains shallow and the anatomy
does not change from normal to dysplastic during the same
time span.
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Introduction

Trochlear dysplasia is a major cause of patellar instabil-
ity,"? reported in up to 96% of patients operated on for
recurrent patellar dislocations.®* Although the different
predisposing anatomical factors behind patellar instabil-
ity are defined,* the aetiology remains unclear. Instability
of the patellofemoral joint usually presents with discom-
fort or anterior knee pain, most frequently in the second
decade of life. A patellar dislocation may be the initiating
event, followed by recurrent patellar instability in up to
48% of patients.® Ailments from patellar instability among
children and adolescents are common.®

Significant efforts are made to diagnose and treat
developmental dysplasia of the hip early in life. Cor-
rect positioning of the femoral head in the acetabulum
is crucial for normal development of the joint. We raise
the question: does our knowledge of the potential for
re-modulation of the hip during infancy also apply to
the newborn patellofemoral joint?” Is the position and the
tracking of the patella during knee-movement vital for the
development of the joint as is true for the hip joint? If so,
is there any opportunity for early non-surgical treatment
of trochlear dysplasia? Knowledge of the natural history
of trochlear development during early childhood seems
important in order to understand the potential of re-mod-
ulation of the femoral trochlea.

The formation of the patellofemoral jointin early embry-
onal life between four and ten weeks® and later embryo-
nal development®'® has been described. All three studies
found the trochlear sulcus shaped at an early embryonal
stage and postulated a theory of a genetic determinant
to the initial shape of the trochlea. The geometry of the
neonatal trochlea has been described" and ultrasonog-
raphy has proven to be a reliable and safe method for
examination of the patellofemoral joint.”"'? Nietosvaara'
performed ultrasonographic examinations of the femoral
trochlea in 50 children. The femoral trochlear shape in
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newborns seems to be comparable with the anatomy later
in life? but data of its development during the first years of
life is sparse.

A high sulcus angle (SA) indicating a flat, dysplastic
trochlea has been found in newborns.™ Breech presen-
tation with extended knees appears to be a major risk
factor of trochlear dysplasia, particularly frank breech
with the knees locked in extension.™ There is uncertainty
as to whether this dysplasia will be permanent with the
potential to cause patellar instability later in life, or if it
modulates to a normal trochlea during infancy.

The aim of this study was, therefore, to describe the
femoral trochlear development in a population to deter-
mine whether SA measurements changed during the first
six years of life.

Patients and methods

The basis for the present prospective cohort study was
the population of our former explorative cohort study
in which both knees of 174 newborns had been exam-
ined by ultrasonography within three days of birth.™
The study population was newborns admitted to one of
three neonatal wards at the University Hospital of Trond-
heim over a period of two months. Different parameters
to describe the trochlear anatomy and to detect troch-
lear dysplasia were investigated.” The SA seemed to be
the best parameter, owing to its ease of recording and
interpretation. Based on the findings in the explorative
cohort study, we defined the threshold of a pathologi-
cally high SA by adding two SDs to our population mean
SA of 148°, resulting in a dysplastic threshold value of
159°. This defined 17 as dysplastic- and 331 as non-dys-
plastic knees. However, there are no uniform limits
defining trochlear dysplasia in newborns found in the
literature.

The present study focuses on the follow-up of 58 of the
174 children. The 17 dysplastic knees were scheduled for
further follow-up examinations. In all, 100 knees with a
SA nearest the population mean of 148° were selected as
normal controls for follow-up. Four patients (eight knees)
of these denied further participation in the study. The
contralateral knees of nine out of the 17 dysplastic knees
were classified as normal and were included in the control
group for further follow-up, resulting in 101 normal con-
trols. Three follow-up examinations were scheduled: the
first at six months, before the possible influence of weight
bearing; the second at 18 months, after the start of weight
bearing; and the last examination, just before six years of
age to evaluate whether the shape of the femoral trochlea
changes during childhood.

Both knees of all newborns had been examined
within three days of birth by examiner 1 (CRD)." The fol-
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low-up examinations were performed by examiner 1 in
collaboration with examiner 2 (KJH) using the same pro-
cedure. The examiners were blinded with respect to the
name, birth presentation and previous clinical findings of
the children.

Ultrasonography

The ultrasonographic examination of the knees was con-
ducted with the children in bed or on the examination
table in the supine position. The reliability of the method
had been evaluated by a separate study. Intraobserver
repeatability for the main examiner, and interobserver
repeatability between the two examiners, were tested and
proved reliable. Details regarding the method and the
repeatability are described in detail in a previous study."
Two ultrasound scanners were used due to the need for
parallel examinations by two examiners. A GE Logiq Book
XP with linear GE 8L probe and a GE Logiq 7 with linear GE
10L probe (both GE Medical Systems Co., Jiangsu, China)
were used. The patella was positioned in the distal part of
the trochlea by flexing the knee over 45°. By holding the
transducer in a transverse plane perpendicular to the axis
of the femoral axis levelled at the most ventral point of the
lateral facet, images of the femoral trochlea were obtained.
The ossification centre of the distal femur should be visu-
alized, ensuring correct perpendicular angulation of the
probe (Fig. 1).

The cartilaginous SA, which is the closed angle defined
by the intersection of the lines parallel to the articular
cartilage of the medial and lateral femoral facet, was
measured.

Statistical analysis

All statistical calculations were made using IBM SPSS Sta-
tistics for Windows version 23 (Armonk, New York). Visual
inspection of Q-Q plots was used to describe whether
data were normally distributed. The SA measurements
were normally distributed.

Knees were dichotomized into a dysplastic group (SA =
159°) and a non-dysplastic group (SA < 159°) based on the
SA measurements at birth. Generalized mixed linear mod-
els were used when analyzing the SA angle to account
for data dependency caused by knees nested within chil-
dren together with repeated measures (four-time points,
first-order autoregressive covariance structure). Fixed
effects were “group,” “time,” and “group*time”. The
residuals in the models were normally distributed. A figure
presents plots of the model estimates. Bonferroni-adjusted
significant levels are reported. The significance level was
setat p < 0.05. Fig. 2 represents model estimates, adjusted
for effects caused by data dependency. Consequently, the
measurement results presented in Table 1 do not exactly
replicate the model estimates.

J Child Orthop 2018;12:245-250
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Fig. 1 Ultrasonographic examination of the femoral trochlea: (a) the ultrasound probe is held perpendicular to the femoral axis
levelled at the most ventral point of the lateral facet, obtaining a transverse image of the femoral trochlea (b); (c) the sulcus angle (SA)
is shown. The images are produced for illustration of the technique, the child is four months old and not a participant of the study.
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Fig. 2 Graphical presentation of the sulcus angle. The threshold
for dysplasia = 159°.

Results

Details of the number of participants during follow-up are
given in Table 1. One participant with dysplasia of both
knees was lost for all follow-ups. At 72 months, approx-
imately 20% of the knees were lost to follow-up in both
groups. Being settled far away was the prime reason to
decline follow-up. All the participants that were originally
chosen to follow were invited to all the follow-up exam-
inations.

| Child Orthop 2018;12:245-250

The number of knees at the follow-ups together with
descriptive statistics are presented in Table 1.

The overall SA across all follow-ups was 158.6° in the
dysplastic and 151.1° in the non-dysplastic group holding
a statistical significant difference of 7.5° (p < 0.001).

The difference between the two groups was statistically
significant at all follow-ups (p < 0.00T1).

The SA differences within the groups, between fol-
low-ups, are presented in Fig. 2.

For both the dysplastic and the non-dysplastic group, a
small but statistically significant change in the SA between
0 to 72 months was detected. The main part of this change
happened within the first 18 months for the dysplastic
group, the SA dropping from 160° to 158°. For the non-
dysplastic group this change occurred mainly within the
first six months, rising from 149° to 151°. After 18 months
the graphs representing the SAs are almost parallel.

Discussion

The main finding of this study was that there was minor
change in the trochlear SA during the first six years of
growth. A shallow trochlea at birth, with SA measure-
ments consistent with adult dysplasia, remained shallow.

The anatomy of the femoral trochlea is a vital determi-
nant of patellofemoral joint stability. Even so, there is no
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Table 1 The mean sulcus angle (SA) displayed with SD and range for both the dysplastic and non-dysplastic group. The number of the knees at 0, six, 18
and 72 months follow-up are presented; n represents the number of knees examined at the different follow-ups

Follow-up (mths) SA SA

Dysplastic group Non-dysplastic group

n Mean SD Range n Mean SD Range
0 15 161.0 2.4 159.2to0 168.6 101 149.5 4.6 140.2 to 158.8
6 14 160.0 3.9 154.0 to 168.1 56 150.0 5.5 131.0 to 165.1
18 10 158.5 2.4 154.2t0 161.2 86 151.2 3.8 145.6 to 159.9
72 12 158.3 3.3 153.0 to 164.0 80 151.6 3.8 144.0 to 161.0

agreement regarding factors that influence the shaping
of the joint surface. The development of the joint in utero
was described by Doskocil in 19858 and Glard et al*™ in
2005. Doskocil® studied the femoral trochlea in 14 joints
of embryos aged four to ten weeks and described an
asymmetric trochlea where the lateral facet was larger
than the medial. He postulated that the shape of the joint
was genetically determined early in utero, but influences
of mechanical forces later in the intrauterine environment
could cause remodelling. Glard et al®'® performed a bio-
metric study of the femoral trochlea in 44 foetuses aged
13 to 38 weeks and compared their findings with similar
studies on adults. No significant differences were deter-
mined, which implied a genetically determined anatomy
of the femoral trochlea. Nietosvaara® conducted ultraso-
nographic examinations of 50 normal children from birth
to 18 years and measured the SA between 134° and 155° at
all ages. He found the femoral sulcus to be well developed
early in life, and the SA stayed virtually constant during the
growth phase. By assessment of the plots, it seems that
only a few individuals were under one year of age, conse-
quently, congenital dysplasia is probably missed and the
trochlear development through infancy still unknown.

On the contrary, anthropological studies of human
development show that the femur undergoes morpholog-
ical changes during infantile and adolescent growth.'16 A
shift from a vertical to an oblique femur relative to the knee
joint line takes place during infantile and early growth.
Later, with adolescent growth, a remodelling of the distal
femur epiphysis takes place with deepening of the troch-
lea and increased protuberance of the lateral facet. These
morphological changes to the femur and knee were pre-
dicted to be acquired owing to transition to an upright
posture, rather than being genetically determined.

The effects of the patella on shaping the femoral troch-
lea has been investigated in rabbits, showing flattening
of the groove during growth with an inadequate posi-
tion of the patella.” Early reduction seems to prevent
dysplasia development.’® These studies indicate that the
immature skeleton is influenced and molded by the forces
acting upon it. Expectantly, the possible molding effects
that growth and increasing activity might afflict on the
trochlear anatomy should result in gradual equalization
of the SA. The overall difference of the SA through all fol-
low-ups was 7.5°. A general agreement to the definition
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of trochlear dysplasia by ultrasonographical measure-
ments does not exist. Measurements of the SA in children
with patellar dislocation found SAs ranging from 154° to
195°.7 Corresponding MRI studies have found a mean SA
of 156.7° in children with first-time patellar dislocation.?
With the knowledge that trochlear dysplasia is found in
96% of children treated for patellar instability,> a thresh-
old of pathological SA seems to be 155°. The difference
between a normal SA and a SA indicating dysplasia seems
to be under 10°. Our findings indicate that after six years,
there is still a significant difference in the SAs between
those being born with a high SA and the normal controls.
A small shift towards equalization of the SA between the
groups does seem to occur, taking place during the first
18 months of life.

Today, we have knowledge of the hip joint and its
potential for re-modulation during infancy.” Correct posi-
tioning of the femoral head in the acetabulum is crucial
for normal development of the joint, and treatment when
hip instability has been detected is based on achieving and
maintaining this correct position. Correspondingly, a cor-
rect position and tracking of the patella might be essen-
tial for developing a normal trochlear groove. Intuitively,
there might be an opportunity for conservative treatment
of trochlear dysplasia during the first months of life. The
detected early changes of the SA support this theory. There
are different screening programmes for children with risk
factors for hip dysplasia today, including breeches which
are examined clinically and by ultrasonography of the hips.
Inclusion of the knees should not cause much effort, given
the existence of such an opportunity. If no initiative is taken
to correct a maltracking patella, a child born with a ten-
dency towards trochlear dysplasia may have the condition
persisting at least for the first six years of life and possibly
result in instability of the patellofemoral joint later in life.

In the literature, others have defined 155° as the dys-
plastic threshold value.>'*?° As our threshold of 159° was
higher, we performed an additional analysis using 155°
as the threshold value. The changes in SA were similar to
those found using 159° as the threshold. The difference
between the groups was statistically significant at all fol-
low-ups (p < 0.001).

Our methodology using ultrasonography for examin-
ing the femoral trochlea in infants has been evaluated in
an intraobserver and interobserver repeatability study.”

J Child Orthop 2018;12:245-250
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Ultrasonographic imaging is reliable and is the only
method that is ethically accepted for use in infants and
children. Our measurements are comparable with other
studies using the same examination technique.''

A child born in the frank breech position has a signifi-
cantly higher risk of a shallow or flat trochlea. Breech
positions seem to be a common risk factor for trochlear
and hip dysplasia, and both conditions can be detected by
ultrasonography. Since the dysplastic appearance does not
change during the first six years of childhood, the dyspla-
sia found at birth might cause instability of the patellofem-
oral joint. Consequently, one should consider efforts to
detect and treat trochlear dysplasia early in life, compara-
ble with existing procedures to treat developmental dys-
plasia of the hip. Soft, elastic braces might be used to keep
the knees flexed while relaxed, with the opportunity to
kick and extend the knees while awaken. Intuitively, swad-
dling infants in leg extension might prevent a dysplastic
trochlea being transformed into one with sufficient depth
to provide support for the patella during the first months
of life. This topic should be further studied. Naturally, as
breech presentation appears to be a risk factor for congen-
ital dysplasia, a connection between breech presentation
and patellofemoral instability should be explored.

The strength of this study is in the prospective cohort
design. This study seems to be the first prospective study
published covering the development of the femoral troch-
lea. The limitations include our definition of trochlear
dysplasia in newborns which has not been evaluated by
others. The limits defining dysplasia should be regarded
as estimates. Also, the number of knees included in the
follow-ups are small. To make the dysplasia definition and
description of changes in SA more robust, further studies
including larger population are needed.

Future perspectives

We believe that at least one type of trochlear dysplasia
is congenital; the dysplasia found at birth might cause
instability of the patellofemoral joint later in life. As breech
presentation appears to be a risk factor for congenital dys-
plasia, a connection between breech presentation and
patellofemoral instability should be explored. A last fol-
low-up examination of the dysplastic and non-dysplastic
group after growth-arrest is required to assess if the SA
differences are still significant.
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