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Abstract

dysplasia.

p=0.766) in trochlear dysplasia.

lated with the increased lateral trochlear width.

Purpose: To investigate the difference of trochlear width between normal and dysplastic trochlear and to analyze
whether the medialization of trochlear groove was correlated with abnormal width of trochlear facets in trochlear

Methods: This study involved CT scans of fifty knees with trochlear dysplasia (TD group) and fifty knees without
obvious trochlear dysplasia (Normal group). The linear distance from the medial femoral epicondyle to the various
reference points was measured on axial CT images which included the medial edge of medial trochlear facet (dMTE),
trochlear groove (dTG), and the lateral edge of lateral trochlear facets (dLTE). The medial and lateral trochlear width
was calculated and standardized by the width of the anatomical epicondylar axis. Pearson’s correlation analysis was
performed between the dTG and the width of the medial and lateral trochlear.

Results: The reliability of the results was good. Intraclass correlation coefficient (ICC) ranged from 0.89 to 0.97. The
dMTE was significantly greater in the TD group than the normal group (32.7 £5.1% vs. 29.6 + 3.5%, p=0.009). There
was no significant difference in the dLTE between groups. The dTG was reduced in the TD group compared with

the normal group (45.2 +4.1% vs. 49.1 +3.9%, p=0.019). In the TD group, there was a significant reduction in the
medial trochlear width (13.9+£4.1% vs. 19.4 4 2.9%, p<0.001) and a significant increase in the lateral trochlear width
(31.3+4.0% vs. 26.943.6%, p <0.001) compared with the normal group. The dTG was significantly correlated with the
lateral trochlear width (r value = — 0.693, p < 0.001) and not correlated with the medial trochlear width (r value =0.044,

Conclusions: This study demonstrated that dysplasia of trochlear morphology was related to the reduction of medial
trochlear width and increase in lateral trochlear width. The medialization of trochlear groove was significantly corre-

Keywords: Knee, Recurrent patellar instability, Trochlear dysplasia, Trochlear width, Trochlear orientation

Introduction

The femoral trochlear was known as one of the impor-
tant factors influencing patellofemoral stability, and
the dysplasia of femoral trochlear was found exists
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in most of patients with recurrent patellar instability
[1-3]. Trochlear groove with appropriate groove depth
and inclined trochlear slopes provided an osseous tra-
jectory for patellar tracking and prevent the lateral
transition of the patellar when the knee flexed over
thirty degrees [2, 4]. It had been reported that con-
tact area and pressure in the patellofemoral joint were
significantly altered by the dysplastic trochlear due to
the pathological shallow sulcus and irregular trochlear
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facets [5]. Methods on quantifying the abnormalities of
trochlear dysplasia were diversiform in current studies
[2, 6, 7]. On axial images, trochlear with a sulcus angle
greater thanl45° was considered a shallow trochlear
sulcus [7, 8]. It was found that a lateral trochlear incli-
nation of fewer than 11 degrees was an effective way in
distinguishing trochlear dysplasia [9, 10]. In individu-
als, the geometry of trochlear dysplasia had large vari-
ations and was difficult to be fully evaluated by angular
measurements when the trochlear groove turned flat
or convex [11]. The linear measurements measuring
the sulcus depth and trochlear height were reported
also reliable in quantifying trochlear dysplasia [12, 13].
The trochlear groove was not always symmetrical and
neutral oriented in dysplastic trochlea [14, 15]. Stud-
ies had shown that the distance between the trochlear
center and posterior cruciate ligament insertion was
decreased on axial images and indicated the trochlear
groove was oriented medially in dysplastic trochlear
compared with the healthy trochlear [16]. Studies had
also reported that the asymmetry of the medial and
lateral trochlear facet increased with the severity of
trochlear dysplasia [7, 15]. One research suggested the
ratio of medial and lateral trochlear facets less than 0.4
had nearly 100% sensitivity and 96% specificity in dis-
tinguishing trochlear dysplasia on MRIs [15]. There-
fore, asymmetrical trochlear facets and medialized
trochlear groove were also important morphological
characteristics of trochlear dysplasia and may have
potential impacts on the surgical treatments of osse-
ous abnormalities, especially the preoperative plan-
ning of groove deepening trochleoplasty.

The purpose of this study was to investigate the
difference of trochlear width between normal and
dysplastic trochlear and to analyze whether the medi-
alization of trochlear groove was correlated with
abnormal width of trochlear facets in trochlear dys-
plasia. We hypothesized that the trochlear center was
medialized in trochlear dysplasia due to the decreased
width of the medial trochlear facet and increased
width of the lateral trochlear facet.

Table 1 Descriptions of the measurement methods

Page 2 of 6

Materials and methods

Patients

All procedures in this study were following protocols of
the institutional review board, and the clinical data of
consecutive patients who received surgical treatment due
to recurrent patellar instability and trochlear dysplasia
at our institutions from 2018 to 2021 were retrospec-
tively analyzed. All patients had received one-millimeter
slice CT scanning of the knee joint before surgery in
the supine position and with the knee in extension and
relaxed. Patients with the following conditions were
excluded from this study: past surgery history of the knee
joint, signs of knee osteoarthritis, skeletal immature, and
incomplete CT data. The trochlear dysplasia was defined
as a trochlear sulcus angle greater than 145° on axial
CT scans [3]. A total of fifty patients (38 females and 12
males with an average age of 21.3+6.16 years old) were
included in this study. And fifty sex and age-matched
patients with CT scans of the knee joint from the group
of anterior cruciate ligament tear without trochlear
dysplasia (sulcus angle<145°) and patellofemoral dis-
orders (40 females and 10 males with an average age of
22.5+6.48 years old) were included as the normal group.

Radiological measurements

All parameters were measured on the transverse com-
puted tomography at the levels when the proximal
trochlear facets got full exposure. The definition of the
parameters is summarized in Table 1. The anatomical
epicondylar axis (AEA) connecting medial epicondyle
and lateral epicondyle was chosen as the transverse width
of the distal femur. The medial edge of medial trochlear
facet, the center of trochlear groove, and the lateral edge
of lateral trochlear facets were selected as the landmark
and the linear distance to the medial epicondyle parallel
to the AEA was measured, respectively. The lowest point
of trochlear groove on the axial CT image was selected as
the trochlear center. The trochlear facets and sulcus were
obvious to be identified for the concave trochlear. For the
flatted and convex trochlear, the researchers scrolled the
adjacent slices to find the lowest point of the sulcus and

Line connecting the prominences of the medial and lateral epicondyles on axial view
Linear distance from the medial epicondyle to medial trochlear edge parallel to the AEA
Linear distance from the medial epicondyle to lateral trochlear edge parallel to the AEA
Linear distance from the medial epicondyle to the lowest point of the proximal troch-

lear groove parallel to the AEA

Parameters Abbreviations  Definition
Anatomical epicondylar axis AEA

Linear distance of medial trochlear edge ~ dMTE

Linear distance of lateral trochlear edge dLTE

Linear distance of trochlear groove daiG

Medial trochlear width wMT

Lateral trochlear width wlT

Linear width of dTG minus dMTE
Linear width of dLTE minus dTG
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trochlear edge. The width of medial and lateral trochlear
facets was measured (Fig. 1). All the measured values
were standardized with the AEA width, respectively, and
shown in percentages to reduce the impacts of individual
variation.

Statistical analysis

The Shapiro—Wilk test was performed to test the normal-
ity of the measurements in this study. All measurements
were in line with the normal distribution and present by
mean and standard deviation. The statistical significance
between groups was tested using two independent sam-
ple ¢ test (SPSS, v24.0, IBM, Armonk, USA). The post hoc
analysis of this study showed an effect size of 0.3, a power
of 0.6 for the correlation analysis, and an effect size of 0.5,
a power of 0.8 for the ¢ test (G*Power, v.3.1, Dusseldorf,

Fig. 1 Measurements on the proximal trochlear. AEA, Anatomical
epicondylar axis; wMT, Width of medial trochlear facet; wiLT, Width

of lateral trochlear facet; the dMTE, Linear distance of the medial
trochlear edge; the dLTE, Linear distance of the lateral trochlear edge;
and dTG, Linear distance of the trochlear groove

Table 2 The reliability of the results
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Germany) [17]. Statistical significance was set at a P value
of less than 0.05. Two experienced surgeons repeated
the measurements of randomly selected 30 cases inde-
pendently with an interval of four weeks. The reliability
of the measurements was evaluated using the intraclass
correlation coefficient (ICC). The results of ICC indicated
poor agreement when ranged from 0 to 0.2, fair from 0.21
to 0.4, moderate from 0.41 to 0.6, substantial from 0.61 to
0.8, excellent from 0.81 to 1.0. The correlation between
the parameters was analyzed using Pearson’s correlation
coefficient. The results of the correlation coefficient were
distributed from —1 to 1, and classified as the following:
strong (0.6 to 0.8), moderate (0.4 to 0.6), or mild (0.2 to
0.4).

Results
The reliability of the results was good (ranged from 0.89
to 0.97) (Table 2).

In the TD group, there was a significant reduction in
the medial trochlear width (13.9+4.1% vs. 19.442.9%,
p<0.001) and a significant increase in the lateral troch-
lear width (31.3£4.0% vs. 26.9£3.6%, p<0.001)
compared with the normal group. The IMTE was sig-
nificantly greater in the TD group than the normal
group (32.7+£51% vs. 29.6£3.5%, p=0.009). There
was no significant difference in the JLTE between
groups (77.9+3.2% vs. 76.0+5.7%, p=0.068). The dTG
was reduced in the TD group compared with the nor-
mal group (45.24+4.1% vs. 49.1+3.9%, p=0.019). The
dTG was significantly correlated with the lateral troch-
lear width (r value=—0.693, p<0.001) and not corre-
lated with the medial trochlear width (r value=0.044,
p=0.766) in trochlear dysplasia (Figs. 2 and 3). Results of
the measurements are shown in Table 3.

Discussion

The findings of this study confirmed our hypothesis that
the width of medial and lateral trochlea was altered and
the trochlear center was medialized in trochlear dys-
plasia measured by linear measurements. Compared
with normal trochlear, the width of medial trochlea was

Parameters

Interrater ICC (95% Cl)

Intra-rater ICC (95% Cl)

Width of anatomical epicondylar axis
Width of medial trochlear facet

Width of lateral trochlear facet

Linear distance of medial trochlear edge
Linear distance of lateral trochlear edge
Linear distance of trochlear groove

0.935 (0.934~0.966)
0.945 (0.941~0.962)
0.929 (0.933~0.965)
0.920 (0.911~0.944)
0.940 (0.912~0.955)
( )

0.890 (0.875~0.934

0.977 (0.964~0.987)
0.946 (0.923 ~0.967)
0.938 (0.929~0.945)
0.933(0.914~0.954)
0.956 (0.934~0.977)
0.923 (0.910~0.944)
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Fig. 2 The correlation between dTG and the width of lateral
trochlear. The dTG showed a significant correlation with the width
of lateral trochlear, indicating that the medialization of the trochlear
center may be caused by the increased width of the lateral trochlear
facet. **, Correlation is significant at the 0.01 level (2-tailed)
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Fig. 3 The correlation between dTG and the width of the medial
trochlear. No significant correlation between the dTG and the width
of the medial trochlea was found

Table 3 Results of the measurements

TD group (%) non-TD group (%) p value
dMTE 327451 296435 0.009
d1G 452441 49.1£39 0.019
dLTE 779+£32 76.0£5.7 0.068
wMT 13.9+4.1 194429 <0.001
wlT 313440 269+36 <0.001
Medial-Lateral  045£0.17 0.734+0.14 <0.001
ratio

dMTE, Linear distance of the medial trochlear edge parallel to the AEA; dLTE,
linear distance of the lateral trochlear edge parallel to the AEA; dTG, linear
distance of the trochlear groove parallel to the AEA; wMT, medial trochlear
width; wiT, lateral trochlear width; and Medial-Lateral ratio, the ratio of wMT
and wLT.
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significantly reduced in dysplastic trochlear, and the
width of lateral trochlear was significantly increased.
The distance of the medial edge of the trochlear facet
relative to the medial epicondyle was increased in the
TD group which indicated the narrowness of the medial
trochlear facet. There was no significant difference in the
distance of the lateral edge of trochlear facet between
groups. Additionally, in the TD group, the medialization
of the proximal trochlear groove was correlated with the
increase in the lateral trochlear width.

The medial hypoplasia of trochlear facets featured with
a flattened medial slope was recognized as one of the
most distinctive features of trochlear dysplasia. Research-
ers had quantified the morphology of distal femur con-
dyle and found that the decreased medial condylar height
and width related to the hypoplastic medial trochlear
were the major deformities of trochlear dysplasia [13].
The reduced medial trochlear found by our study was
consistent with the previous findings. In addition, the
increased distance between the medial epicondyle and
medial trochlear edge proposed that the hypoplasia of
medial trochlear may be started from the medial edge of
the trochlear facet.

In individuals, geometry of the dysplastic trochlear
was complicated to be evaluated quantitatively [18]. The
anterior condylar height and trochlear groove depth were
commonly used measurements to quantify the morphol-
ogy of trochlear dysplasia [7]. Ferlic et al. had reported
excellent reliability of the linear measurements in quanti-
fying the dysplastic trochlear [12]. Some researchers had
reported that a trochlear depth of less than 3 mm and a
medial-to-lateral facet ratio of less than 40% were con-
sidered pathological in trochlear dysplasia [15]. In this
study, the tangent distance of trochlear edge and troch-
lear width was assessed relative to the anatomical trans-
epicondylar axis. Compared with measuring the length
of inclined trochlear slope, these measurements with the
reference of medial epicondyle may directly reflect the
relative orientation of the trochlear on the distal femoral
condyle.

A tibial tubercle-trochlear groove distance of greater
than 20 mm was commonly used as a surgical indicator
for the medialization tibial tubercle osteotomy. Some
people reported that increased tibial tuberosity-trochlear
groove (TT-TG) distance was due to the medialization of
trochlear groove by measuring the distance between the
trochlear groove and the tibial landmarks [16]. Some lit-
erature supported that the TT-TG distance was greater
in recurrent patellar dislocation, but the extent of tibial
tubercle lateralization was not substantial [19]. The vari-
ous reference points measuring the trochlear groove
raised a problem that whether medialization of troch-
lear groove was caused by the trochlear dysplasia or by
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the torsion of lower limbs. Studies had reported that
degrees of femoral torsion or knee torsion also influ-
enced the measurement of tibial tuberosity-trochlear
groove distance and patellofemoral congruence [3, 20,
21]. Tibial tubercle osteotomy was to transfer the tibia
tubercle medially. The deepening trochleoplasty needed
to remodel the trochlear groove and oriented the groove
laterally. The primary deformities may have crucial influ-
ences on whether to perform tibial tubercle osteotomy
or trochleoplasty accompanied by medial patellofemo-
ral reconstruction. By using the reference points on the
distal femoral condyle, the findings of our study demon-
strated the medialization of trochlear groove in trochlear
dysplasia besides the torsional factors.

Morphologically, trochlear dysplasia was featured by
irregular surface from the proximal trochlear [3, 22]. In
this study, the dTG was decreased relative to the medial
epicondyle indicated that the medialization of the dys-
plastic trochlear groove. And the lateral trochlear width
was increased in the dysplastic trochlear compared with
the normal trochlear. Besides these morphological find-
ings, the present study found a significant correlation
between the lateral trochlear width and medialization
of the trochlear center. Besides, there was no significant
change in the position of lateral trochlear edge between
groups, indicating that the position of lateral trochlear
facets was not lateralized. Hence, it was speculated that
the medial expansion of lateral trochlear was the reason
for the medialization of the proximal trochlear groove in
trochlear dysplasia.

The etiology of recurrent patellar instability was mul-
tifactorial [22—24]. Trochlear dysplasia was a major risk
factor for patellar instability. The development of troch-
lear dysplasia was still controversial. Studies had reported
that minor changes in trochlear morphology during
skeletal growth and indicated that trochlear dysplasia
was genetically determined [22, 25]. According to the
researchers, the dysplastic trochlear could be surgically
induced using the animal model of patellar subluxation
[26, 27]. The trochlear bump and distance between the
proximal trochlear and distal femoral physis increased
with age which indicated the role of acquired factors on
trochlear development [28]. The skeletal growth could
be strengthened by applied stress according to Wolff’s
law [29]. The increased lateral trochlear in trochlear dys-
plasia might be associated with increased sliding pres-
sure caused by the lateralized patellar tracking. Hence,
the findings of this study also implied the influence
of mechanical status on the development of trochlear
dysplasia.

This study had some limitations. Firstly, this study was
a retrospective study. The patients and their matched
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controls in this study were selected from consecutive
cases admitted to our hospital in a limited period. To
diminish potential selection bias, additional independ-
ent studies were required to validate the findings of this
study. Secondly, this study evaluated the trochlear dys-
plasia on the proximal part where the patella engaged
with the trochlear sulcus at the beginning of knee flex-
ion. Biedert et al. had reported the characteristics of
trochlear dysplasia by separating the trochlear into the
proximal and distal parts [30]. Further researches on
the characteristics of the entire trochlear were needed
to reveal the pathological changes of the trochlear.
Lastly, although this study had detected significant
results, based on the average femoral condyle width of
70 mm, medialization of the trochlear groove in these
patients was only approximately 3 mm compared with
that of the normal trochlear. The results cannot fully
explain the increased TT-TG distance in patients with
recurrent patellar instability, so a detailed evaluation is
needed before surgical treatments.

In conclusion, this study demonstrated that dysplasia
of trochlear morphology was related to the reduction of
medial trochlear width and increase in lateral trochlear
width. The medialization of trochlear groove was sig-
nificantly correlated with the increased width of lateral
trochlea.

Abbreviations

dMTE: Medial edge of medial trochlear facet; dTG: Trochlear groove; dLTE:
Lateral edge of lateral trochlear facets; AEA: Anatomical epicondylar axis; ICC:
Intraclass correlation coefficient; TT-TG: Tibial tuberosity-trochlear groove.

Acknowledgements
Thanks for the technical support from the Department of Imaging of the Third
Hospital of Hebei Medical University.

Author contributions

FW contributed to the conception of the study; CD contributed significantly
to the analysis and wrote the manuscript; LK and KP collected the data and
pictures; and CZ and KH helped perform the analysis with constructive discus-
sions. The authors read and approved the final manuscript.

Funding
This study was funded by The National Natural Science Foundation of China
(Grant No. 81873983).

Availability of data and materials
All of the data and materials are available.

Declarations

Ethics approval and consent to participate
The present study was approved by the Academic Ethics Committee of the
Third Hospital of Hebei Medical University.

Consent for publication
All patients provided their informed consent for publication.

Competing interests
The authors declare that they have no competing interests.



Dong et al. Journal of Orthopaedic Surgery and Research

Received: 30 January 2022 Accepted: 8 May 2022
Published online: 15 May 2022

References

1.

20.

Clark D, Metcalfe A, Wogan C, Mandalia V, Eldridge J. Adolescent patellar
instability: current concepts review. Bone Jt J. 2017;99-B(2):159-70.
Bollier M, Fulkerson JP. The role of trochlear dysplasia in patellofemoral
instability. J Am Acad Orthop Surg. 2011;19(1):8-16.

Dejour H, Walch G, Nove-Josserand L, Guier C. Factors of patellar
instability: an anatomic radiographic study. Knee Surg Sports Traumatol
Arthrosc. 1994;2(1):19-26.

Migliorini F, Pilone M, Eschweiler J, Marsilio E, Hildebrand F, Maffulli N.
High rates of damage to the medial patellofemoral ligament lateral
trochlea and patellar crest after acute patellar dislocation: MRI analysis.
Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc North Am Int
Arthrosc Assoc. 2022. https://doi.org/10.1016/j.arthro.2022.01.044.

Van Haver A, De Roo K, De Beule M, et al. The effect of trochlear dysplasia
on patellofemoral biomechanics: a cadaveric study with simulated troch-
lear deformities. Am J Sports Med. 2015;43(6):1354-61.

Balcarek P, Zimmermann F. Deepening trochleoplasty and medial patel-
lofemoral ligament reconstruction normalize patellotrochlear congru-
ence in severe trochlear dysplasia. Bone Jt J. 2019;101-b(3):325-30.

Nelitz M, Lippacher S, Reichel H, Dornacher D. Evaluation of trochlear
dysplasia using MRI: correlation between the classification system of
dejour and objective parameters of trochlear dysplasia. Knee Surg Sports
Traumatol Arthrosc Off J ESSKA. 2014;22(1):120-7.

Paiva M, Blgnd L, HoImich P, et al. Quality assessment of radiological
measurements of trochlear dysplasia; a literature review. Knee Surg
Sports Traumatol Arthrosc. 2018;26(3):746-55.

Carrillon 'Y, Abidi H, Dejour D, Fantino O, Moyen B, Tran-Minh VA. Patellar
instability: assessment on MR images by measuring the lateral trochlear
inclination-initial experience. Radiology. 2000;216(2):582-5.

Rezvanifar SC, Flesher BL, Jones KC, Elias JJ. Lateral patellar mal-

tracking due to trochlear dysplasia: a computational study. Knee.
2019;26(6):1234-42.

Pennock AT, Chang A, Doan J, Bomar JD, Edmonds EW. 3D Knee trochlear
morphology assessment by magnetic resonance imaging in patients
with normal and dysplastic trochleae. J Pediatr Orthop. 2020;40(3):114-9.
Ferlic PW, Runer A, Seeber C, Thoni M, Spicher A, Liebensteiner MC. Linear
anterior-posterior computed tomography parameters used to quantify
trochlear dysplasia are more reliable than angular measurements.
Arthrosc J Arthrosc Relat Surg Off Publ Arthrosc Assoc North Am Int
Arthrosc Assoc. 2021;37(4):1204-11.

Keshmiri A, Schoéttle P, Peter C. Trochlear dysplasia relates to medial femo-
ral condyle hypoplasia: an MRI-based study. Arch Orthop Trauma Surg.
2020;140(2):155-60.

Dejour D, Ntagiopoulos PG, Saffarini M. Evidence of trochlear dysplasia in
femoral component designs. Knee Surg Sports Traumatol Arthrosc Off J
ESSKA. 2014;22(11):2599-607.

Pfirrmann CW, Zanetti M, Romero J, Hodler J. Femoral trochlear dysplasia:
MR findings. Radiology. 2000;216(3):858-64.

Paiva M, Blend L, Holmich P, Barfod KW. Effect of medialization of the
trochlear groove and lateralization of the tibial tubercle on TT-TG Dis-
tance: a cross-sectional study of dysplastic and nondysplastic knees. Am J
Sports Med. 2021;49(4):970-4.

Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Method. 2009;41(4):1149-60.

Beaconsfield T, Pintore E, Maffulli N, Petri GJ. Radiological measure-
ments in patellofemoral disorders. Review Clin Orthop Relat Res.
1994,308:18-28.

Tensho K, Shimodaira H, Akaoka Y, et al. Lateralization of the tibial tuber-
cle in recurrent patellar dislocation: verification using multiple methods
to evaluate the tibial tubercle. J Bone Joint Surg Am. 2018;100(9): e58.
Imhoff FB, Funke V, Muench LN, et al. The complexity of bony malalign-
ment in patellofemoral disorders: femoral and tibial torsion, troch-

lear dysplasia, TT-TG distance, and frontal mechanical axis correlate

with each other. Knee Surg Sports Traumatol Arthrosc Off J ESSKA.
2020;28(3):897-904.

(2022) 17:276

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 6 of 6

Yang G, Dai Y, Dong C, et al. Distal femoral morphological dysplasia is cor-
related with increased femoral torsion in patients with trochlear dysplasia
and patellar instability. Bone Jt J. 2020;102-B(7):868-73.

Parikh SN, Rajdev N, Sun Q. The growth of trochlear dysplasia during
adolescence. J Pediatr Orthop. 2018;38(6):318-24.

@ye CR, Foss OA, Holen KJ. Breech presentation is a risk factor for dyspla-
sia of the femoral trochlea. Acta Orthop. 2016;87(1):17-21.

Panni AS, Cerciello S, Maffulli N, Di Cesare M, Servien E, Neyret P. Patellar
shape can be a predisposing factor in patellar instability. Knee Surg
Sports Traumatol Arthrosc Off J ESSKA. 2011;19(4):663-70.

Q@ye CR, Holen KJ, Foss OA. Mapping of the femoral trochlea in a newborn
population: an ultrasonographic study. Acta radiologica (Stockholm,
Sweden: 1987). 2015;56(2):234-43.

Wang S, Ji G, Yang X, et al. Femoral trochlear groove development after
patellar subluxation and early reduction in growing rabbits. Knee Surg
Sports Traumatol Arthrosc Off J ESSKA. 2016;24(1):247-53.

LiM, Ji G, Fan L, et al. Assessment of patellar morphology in trochlear dys-
plasia on computed tomography scans. Orthop Surg. 2021;13(2):458-65.
Parikh SN, Rajdev N. Trochlear dysplasia and its relationship to the ante-
rior distal femoral physis. J Pediatr Orthop. 2019;39(3):.e177-84.

Wolf JH. Julis Wolff and his “law of bone remodelling”” Der Orthopade.
1995,;24(5):378-86.

Biedert R, Sigg A, Gal |, Gerber H. 3D representation of the surface
topography of normal and dysplastic trochlea using MRI. Knee.
2011;18(5):340-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.arthro.2022.01.044

	Medialization of trochlear groove was correlated with extended lateral trochlear in trochlear dysplasia: a transverse CT analysis
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patients
	Radiological measurements
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


