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Abstract

Purpose The purpose of this study was to define the incidence 
of trochlear dysplasia in an infant cohort being screened for 
developmental dysplasia of the hip (DDH). 

Methods Newborns screened for DDH that were evaluat-
ed with ultrasound for the presence of trochlear dysplasia 
were retrospectively reviewed. The sulcus angle and troch-
lear depth were measured. Based on previous work, troch-
lear dysplasia was defined as a sulcus angle of > 159˚. Our 
newborn cohort was then analyzed to identify potential risk 
factors for trochlear dysplasia. 

Results A total of 383 knees in 196 infants were studied. In 
total, 52% were referred for breech intrauterine positioning 
and 21% were ultimately diagnosed with DDH and had treat-
ment initiated with a Pavlik harness. Of the entire cohort, 8% 
of knees were deemed to have trochlear dysplasia. Breech 
patients were found to have a flatter sulcus angle than those 
that were not breech (149.5° (sd 7.2˚) versus 147.9° (sd 7.5˚); 
p = 0.028). Similarly, a shallower trochlear depth was identi-
fied in breech patients versus non-breech patients (1.6 mm 
(sd 0.4) versus 1.8 mm (sd 0.4); p = 0.019). Those with troch-
lear dysplasia (as defined by sulcus angle > 159°) did show 
a smaller alpha angle (i.e. more dysplastic hip) as compared 
with those without trochlear dysplasia (59.2° (sd 10.2˚) ver-
sus 65.9° (sd 7.5˚); p < 0.001). Hips with DDH were 2.4-times 
more likely to have knees with trochlear dysplasia (95% con-
fidence interval 1.1 to 5.3).

Conclusion Ultrasound screening of newborn knees reveals 
that trochlear dysplasia is relatively common in breech babies 
with DDH.
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Introduction

Trochlear dysplasia is characterized by a shallow, flattened 
trochlear groove in which the patella must articulate. It 
has a well-established association with recurrent patel-
lar instability with up to 85% of patients with recurrent 
patellar instability having trochlear dysplasia.1 Acute patel-
lar dislocations are of relevance to the paediatric ortho-
paedist in that they are the most common knee disorder 
in children and adolescents with an incidence of 29 to 
43 per 100 000.2,3 Beyond patellar instability, trochlear 
dysplasia may predispose the patellofemoral joint to 
osteoarthritis as biomechanical studies of trochlear dys-
plasia have shown that the abnormal anatomy leads to 
increased contact pressure and abnormal patellofemoral  
kinematics.4

The aetiology of trochlear dysplasia is not well 
understood. The patellofemoral articulation develops 
early on in gestation, between nine and 16 weeks. It 
has been postulated that in a manner similar to the 
abnormal development of the acetabulum in develop-
mental dysplasia of the hip (DDH), a laterally tracking 
patella may limit the development of normal trochlear 
depth and morphology.5 Notably, breech presentation 
and in particular frank breech presentation has been 
associated with trochlear dysplasia in newborns6 fur-
ther suggesting a potential developmental aetiology to 
trochlear dysplasia with morphological changes pres-
ent at birth that remain unchanged over the first six 
years of life. As such, the purpose of this study was to 
further define the incidence of trochlear dysplasia in an 
infant cohort being screened for DDH. We hypothesized 
that newborn ultrasonography could not only be uti-
lized to screen for trochlear dysplasia, but that trochlear 
dysplasia would be associated with hip dysplasia and 
breech positioning.
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Materials and methods
Following institutional review board approval, data were 
retrospectively collected on newborns presenting to our 
paediatric orthopaedic clinic for screening for DDH over 
a period of six months (June 12, 2018 to December 13, 
2018). Patients were included if they were under the age of 
seven months at the time of their ultrasound. Patients who 
did not have the ability to flex their knees to 90° so that 
an adequate ultrasound could be obtained were excluded. 
Demographic data were collected including age and sex as 
well as reason for referral, foetal presentation (vertex versus 
breech) and treatment plan for the hip. During the ultraso-
nographic examination of the infant’s hips, our institution 
routinely performs a concurrent ultrasonographic exam-
ination of the knees to assess for anomalous morphology 
of the patellofemoral joint. The knee ultrasound was per-
formed with a Fujifilm Sonosite 15 mHz multi-frequency, 
broadband, linear transducer (Bothell, WA, USA) oriented 
with the probe transverse to the axis of the leg. The image 
was centered on the ossific nucleus of the distal femur and 
oriented such that both unossified femoral condyles were 
visible (Fig. 1). The hip ultrasound was performed using 
the Graf technique.7,8 All ultrasounds were performed by a 
single ultrasound technologist with over 25 years of expe-
rience in paediatric orthopaedic ultrasound. 

The sulcus angle of the trochlea was measured from the 
nadir of the trochlea along best fit lines of the medial and 
lateral walls of the trochlea. Trochlear depth was assessed 
as the perpendicular distance from a line that passed 
tangentially through the apices of the medial and lateral 
trochlea to the nadir of the trochlear sulcus (Fig. 2). Troch-
lear dysplasia was considered present if the sulcus angle 
was ≥ 159° based on the work of Øye et al.6 Sulcus angle, 
trochlear depth, femoral head coverage and alpha angle 
were measured on ultrasound. All measurements were 
performed by a single orthopaedic surgeon (PH) during 
his paediatric orthopaedic fellowship year. A subset of 
20 hips and knees were remeasured by the senior author 
(ATP), a fellowship-trained paediatric orthopaedic surgeon 
with over ten years in practice. The intraclass correlation 
coefficient (ICC) was used to evaluate the reproducibility of 
the ultrasound measurements between the fellow and the 
senior author. ICC values were graded from poor to excel-
lent using the parameters set forth by Koo and Li.9 As seen 
in Table 1, the alpha angle proved to be the least reproduc-
ible measurement, sulcus angle was found to have moder-
ate reproducibility and trochlear depth and femoral head 
coverage was found to have good reproducibility.

Statistical analysis
Basic descriptive statistics are presented. Mean values 
are presented with sd, unless stated otherwise. The unit 

of analysis was the knee. Continuous data was evaluated 
with the Shapiro-Wilk test of normality. Data found to be 
normally distributed with the Shapiro-Wilk test was eval-
uated with Levene’s test of homogeneity of variances. 
Continuous data found to be normal with both tests was 
analyzed with analysis of variance, non-normally distrib-
uted data was analyzed with the Mann-Whitney U test. 
Categorical data was evaluated with Pearson’s chi-squared 
or Fisher’s exact test. No a priori power analysis was per-
formed. All analysis was performed using IBM SPSS Statis-
tics (version 25, IBM Corp, Armonk, New York). An alpha 
of 0.008 was the threshold to declare significance due to 
the number of hypotheses tested in order to maintain an 
overall study alpha of 0.05.

Results

A total of 383 knees in 196 infants were studied. Mean 
age of our cohort at the time of their ultrasound was 1.9 
months (sd 1.1; 0.2 to 6.9). In all, 60% of the patients were 
female. A total of 52% were referred for breech intrauter-
ine positioning, whilst 21% of patients were diagnosed 
with acetabular dysplasia and had treatment initiated with 
a Pavlik harness. In total, 30 knees (8%) were found to 
have trochlear dysplasia and three patients had bilateral 
trochlear dysplasia.

Patients that were breech position were found to have 
a larger sulcus angle than those that were not breech 
(149.5° (sd 7.2°) versus 147.9° (sd 7.5°); p = 0.03). Sim-
ilarly, a smaller trochlear depth was also identified in 
breech patients versus non breech patients (1.6 mm (sd 
0.4) versus 1.8 mm (sd 0.4); p = 0.022). However, these dif-
ferences failed to reach statistical significance. While there 
was no significant difference in sulcus angle or trochlear 
depth with the presence or absence of DDH, those with 
trochlear dysplasia (as defined by sulcus angle > 159°) did 
show a smaller alpha angle (i.e. more dysplastic hip) as 
compared with those without trochlear dysplasia (59.2° 
(sd 10.2°) versus 65.9° (sd 7.5°); p < 0.001) and a trend 
towards smaller percentage femoral head coverage (Table 
2). In total, 11 of 79 hips with DDH (14%) were found to 
have trochlear dysplasia. Hips with DDH were noted to be 
2.4-times (95% confidence interval 1.1 to 5.3) more likely 
to have knees with trochlear dysplasia than hips without 
DDH (p = 0.024).

As expected, we observed that sulcus angle was 
inversely correlated with trochlear depth (rs = -0.803; p < 
0.001) such that patients with elevated sulcus angles (flat-
ter grooves) also had shallower trochlear depths. Addi-
tionally, we found a weak inverse relationship between 
sulcus angle and alpha angle (rs = -0.156; p = 0.002) with 
patients having more severe trochlear dysplasia also hav-
ing increased acetabular dysplasia.
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Fig. 1 Line drawing indicating the position of the ultrasound probe when performing the evaluation of the trochlea.

Discussion

The results of the current study demonstrate that ultraso-
nography can be employed to assess trochlear morphol-
ogy in newborns that are being screened for acetabular 
dysplasia. Furthermore, our data would suggest a weak 
relationship between trochlear dysplasia and breech posi-
tioning as well as acetabular dysplasia (assessed by the 
alpha angle). However, the magnitude of these relation-
ships and their clinical implications may require further, 
prospective, studies.

Regarding trochlear development, Gray and Gard-
ner10,12 demonstrated via dissections of 45 embryos and 
foetuses that the patella and patellofemoral articulation 
are formed by eight to ten weeks. Subsequent biomet-
ric data of both adult and foetal patellofemoral joints 
showed that the morphology does not change signifi-
cantly through development and maturity.11,12,13,14 Given 
that trochlear morphology appears well established in 
the prenatal period, it is conceivable that an intrauterine 

developmental process may lend itself to the aetiology of 
trochlear dysplasia.

Breech positioning has been demonstrated to cor-
relate with the presence of trochlear dysplasia6 and was 
re-demonstrated in our findings with 60% of patients 
with trochlear dysplasia having been breech presentation. 
Additionally, breech presentation was found to be more 
generally associated with a greater sulcus angle. While 
not elucidated in our medical records, footling and frank 
breech presentation may play a role in the development 
of trochlear dysplasia. In these foetal presentations, one 
or both knees are extended and together account for 85% 
to 90% of breech presentations.13,15 It is well known that 
the patella does not engage the trochlear groove until 30° 
of knee flexion and as such, these presentations would 
result in the patella lying proximal to the trochlea during 
foetal development. It is conceivable that without the con-
sistent engagement of the patella in the trochlea, a shal-
lower trochlear morphology could develop, similar to the 
pathological process noted in DDH where a subluxated 
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Table 1 Measurement reproducibility

ICC 95%CI: lower 95%CI: upper p-value

Sulcus angle 0.673 0.351 0.855 p < 0.001
Trochlear depth 0.805 0.57 0.918 p < 0.001
Femoral head  
coverage 0.886 0.736 0.953 p < 0.001
Alpha angle 0.469 -0.083 0.783 p < 0.001
ICC, intraclass correlation coefficient; CI, confidence interval

Fig. 2 Top) illustration of the sulcus angle measurement; bottom) illustration of the trochlear depth measurement.

or dislocated femoral head precipitates the development 
of a shallow and abnormal acetabulum. Interestingly, 
we identified a weak relationship between hip dysplasia 
(alpha angle) and trochlear dysplasia (sulcus angle) show-
ing that these entities may develop concomitantly. Fu  
et al14,16 described an improvement in trochlear morphology 
in skeletally immature patients that underwent soft-tissue 
procedures for recurrent patellar dislocations in the setting 
of trochlear dysplasia with comparison with the contralat-
eral knee that was treated conservatively. These results fur-
ther lend themselves to the concept of trochlear dysplasia 
being a developmental versus congenital process.

The diagnosis of DDH as well as a smaller alpha angle 
of the acetabulum as measured on ultrasound were cor-

related with the presence of trochlear dysplasia. While 
evaluated in a skeletally mature population, Li et al15,17 
showed a similar relationship between the presence 
of DDH and morphological changes in the knee joint, 
including a larger groove angle as compared with a con-
trol group. Breech positioning may have played a role in 
the aetiology of both these conditions, but other factors 
potentially influence their correlation. Abnormal soft-tis-
sue laxity has been established in the DDH population 
and its role described in the aetiology of hip instability. By 
the same token, soft-tissue laxity can influence the stabil-
ity of the patella in the trochlea and potentiate abnormal 
development of the trochlea if the patella does not track 
normally.

Given that trochlear dysplasia may be a developmental 
process, it is plausible that early diagnosis in the neonatal 
period would allow for intervention in a fashion similar to 
DDH. A theoretical treatment option would be to initiate use 
of a Pavlik harness that would maintain the knees in a posi-
tion of flexion and use the patella to help mold the trochlea 
in a fashion similar to how Pavlik treatment uses the femoral 
head to mold the acetabulum. Further research is necessary 
to determine if this a true effect of the Pavlik harness use.
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Table 2 Age and imaging findings by breech, trochlear dysplasia, and developmental dysplasia of the hip (DDH)

*Mean age,  
mths (sd)

**Mean sulcus angle, 
˚ (sd)

*Mean trochlear  
depth, mm (sd)

*Mean femoral head  
coverage, % (sd)

*Mean alpha  
angle, ˚ (sd)

Breech (n = 196) 1.9 (0.9) 149.5 (7.2) 1.6 (0.4) 0.59 (0.09) 65.4 (6.7)
Non-breech (n = 187) 2.0 (1.3) 147.9 (7.5) 1.8 (0.4) 0.58 (0.11) 65.4 (9.1)
   p-value 0.441 0.028 0.019 0.893 0.19
Trochlear dysplasia 1.7 (1.0) 161.8 (2.3) 1.0 (0.2) 0.53 (0.18) 59.2 (10.2)
No trochlear dysplasia 2.0 (1.2) 147.6 (6.5) 1.8 (0.4) 0.59 (0.09) 65.9 (7.5)
   p-value 0.183 < 0.001 < 0.001 0.056 < 0.001
DDH 1.9 (1.2) 150.0 (7.6) 1.6 (0.4) 0.51 (0.17) 58.0 (11.1)
No DDH 1.9 (1.1) 148.4 (7.3) 1.7 (0.4) 0.61 (0.06) 67.3 (5.5)
   p-value 0.452 0.07 0.096 < 0.001 < 0.001
*Mann-Whitney U, **ANOVA

There are limitations to this study. The definition of 
trochlear dysplasia in newborns has not been widely val-
idated in large studies. Compounding this is the opera-
tor-dependent nature of ultrasound image acquisition 
that potentially obfuscates accurate and precise diagnosis 
of trochlear dysplasia. We have observed that small alter-
ations in the probe angle, or location, can alter the mea-
surements used in this study. In addition to the variability 
that can exist between ultrasonographers during the acqui-
sition of the ultrasound, there is also measurement error as 
noted in our ICC results. To decrease variability in acquisi-
tion and measurement all ultrasounds were performed by 
the same person. Similarly, all measurements were made 
by the same person. There was also some variability in the 
criteria to diagnose DDH, dependent on the treating phy-
sician. Finally, there is inherent recall bias on the part of the 
parents regarding foetal presentation and due to the ret-
rospective nature of this study, we were unable to record 
data pertaining to family history of knee pain/instability or 
other useful data such as femoral version and ligamentous 
laxity. Future studies are needed to examine older subject 
populations to determine the rates of trochlear dysplasia 
in early adolescence and adulthood.

In summary, both breech positioning and the diag-
nosis of DDH were independently associated with mark-
ers of trochlear dysplasia, i.e. elevated sulcus angle and 
decreased trochlear depth. This relationship suggests a 
potential development aetiology of trochlear dysplasia.
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