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What are the novel findings of this work?
The prognosis of congenital knee dislocation (CKD) is
highly dependent on the presence of associated anomalies,
being excellent in isolated cases and poor in complex
cases, with the latter showing about 80% risk of a
genetic syndrome. Early postnatal conservative treatment
of CKD is effective when it is isolated, achieving resolution
after manipulation, serial casting and physiotherapy.
Surviving cases with associated anomalies may require
surgery.

What are the clinical implications of this work?
The diagnosis of CKD is possible from the early
second trimester. Prenatal management requires detailed
ultrasound assessment and amniocentesis for genetic
testing to exclude the possibility of associated anomalies,
and subsequent early referral to a pediatric orthopedist.

ABSTRACT

Objectives Congenital knee dislocation (CKD) is a rare
condition, affecting 1 in 100 000 newborns. Its prenatal
diagnosis is challenging and not well described in the
literature, especially when it appears isolated and not
as part of a complex malformation or syndromic pattern.
The purpose of this study was to provide a comprehensive
review of the available literature on the prenatal diagnosis
and postnatal outcome of CKD and to summarize the
current evidence on this topic.
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Methods A systematic review of the literature on the
prenatal diagnosis of CKD was performed in PubMed,
Scopus and EMBASE. A predefined combination of
specific keywords was used, focusing on intrauterine
manifestations, diagnostic methods, prenatal behavior,
postnatal treatment and neonatal outcome as well as
long-term outcome in terms of ambulation, motion
and joint stability. The quality of studies was assessed
using the National Institutes of Health tool for quality
assessment of case series. A summary of results was carried
out providing proportions and rates of diagnostic and
prognostic features associated with this rare condition.

Results In total, 20 cases were retrieved for analysis, of
which 19 were obtained from the identified eligible studies
(n = 16) and one was an unpublished case from our
center. The median gestational age at prenatal diagnosis,
which was made using ultrasound in most cases, was
20 weeks (range, 14–38 weeks). Bilaterality was observed
in 11/20 (55%) cases. The condition was isolated in
7/20 (35%) cases and associated with other anomalies
in 13/20 (65%) cases. An association was observed with
oligohydramnios (4/20 (20%)), and an invasive procedure
was performed in 13/20 (65%) cases, including 11 cases
with an invasive procedure performed for diagnostic
purposes. Genetic testing was normal in all isolated cases
for which information was available (4/7), while a genetic
syndrome was present in 10/13 (77%) non-isolated
cases (Larsen, Noonan, Grebe, Desbuquois or Escobar
syndrome). There were seven terminations of pregnancy,
of which six were performed in cases with associated
anomalies and one in an isolated case, 11 cases of
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postnatal survival, one case of intrauterine death and one
of neonatal death. The fetal and neonatal deaths occurred
in cases with associated anomalies or abnormal genetic
findings. Postnatal treatment was mostly conservative,
with only two reports (18% of the 11 surviving neonates)
of surgical intervention, both in cases with associated
anomalies. Postnatal follow-up was up to 1 year in most
cases, and motor outlook appeared normal in all isolated
cases.

Conclusions CKD is a rare fetal anomaly with a prenatal
diagnosis achievable from the early second trimester,
for which a favorable outcome can be expected when
no associated anomalies are present. Prenatal diagnosis
should include detailed ultrasound assessment and
amniocentesis for extensive genetic studies, particularly
in non-isolated cases. Early postnatal treatment achieves
success in most cases without surgical intervention and
leads to a normal motor outlook. © 2023 The Authors.
Ultrasound in Obstetrics & Gynecology published by
John Wiley & Sons Ltd on behalf of International Society
of Ultrasound in Obstetrics and Gynecology.

INTRODUCTION

Congenital knee dislocation (CKD), also known as
genu recurvatum, is a rare condition, with an estimated
incidence of about 1 in 100 000 live births1. The causes
of CKD can be either intrinsic or extrinsic. Intrinsic
causes include genetic syndromes and complex anomalies
with no obvious underlying genetic anomaly. Among the
extrinsic causes, breech presentation, oligohydramnios
and compression may contribute to the etiology. The first
description of the anomaly is believed to date back to
18202. It can occur either as an isolated finding or in
association with other skeletal malformations, as well
as in the context of a congenital syndrome (such as
Larsen syndrome or arthrogryposis multiplex congenita).
Meningomyelocele and other neurological conditions
may also be associated with this disorder3. The main clin-
ical findings related to this defect include hyperextension
of the knee joint, increased transverse skin folds over the
anterior surface of the knee and protrusion of the femoral
condyles into the popliteal fossa4. The postnatal spectrum
of this condition comprises three different phenotypes,
including simple hyperextension of the knee joint
(Type 1), anterior subluxation (Type 2) and anterior lux-
ation (Type 3) of the tibia relative to the femoral bone5.
A more recent classification, based on 51 neonatal cases,
introduced reduction and stability criteria, distinguishing
three types of CKD: Type I (55%) is easily reducible,
remaining stable in flexion; Type II (31%) is reducible
but unstable; and Type III (14%) is irreducible with
absence of anterior skin folds6.

The prenatal diagnosis and development of this rare
condition have not been described extensively. The first
in-utero diagnosis was made using X-ray in 19867. The
few reports that are available in the literature describe
contradictory findings and used different management

strategies, ranging from a conservative approach to
termination of pregnancy (TOP)7–22. Moreover, the risk
of associated anomalies is uncertain for both structural
and genetic conditions.

The aim of this systematic review was to describe the
current available knowledge regarding the prenatal diag-
nosis and postnatal outcome of CKD and to provide a pro-
tocol for prenatal counseling and perinatal management.

METHODS

Search strategy, information sources and eligibility

PubMed, Scopus and EMBASE were searched with the
following keywords alone or in combination: (‘knee
dislocation’ OR ‘genu recurvatum’ OR ‘knee hyperexten-
sion’) AND (‘congenital’ OR ‘prenatal’ OR ‘intrauterine’
OR ‘fetal’ OR ‘ultrasound’ OR ‘anomalies’ OR ‘abnor-
mal’ OR ‘prenatal diagnosis’ OR ‘malformation’);
(‘knee dislocation’ OR ‘congenital genu recurvatum’)
AND (‘intrauterine’ OR ‘fetal’ OR ‘ultrasound’ OR
‘prenatal diagnosis’ OR ‘genu recurvatum’) AND
‘prenatal diagnosis’. The exploded indexing terms and
truncations functions were also used. The systematic
literature review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement23. The review
protocol was not registered, but methodology concerning
inclusion/exclusion criteria, data extraction and quality
assessment were defined a priori. Studies written in any
language, published up to May 2023 and reporting on
the prenatal diagnosis and postnatal outcome of CKD
were considered, including ‘gray literature’. Pediatric,
postnatal and postmortem cases or series were excluded,
as these are based on a different population and have a
high risk of selection bias. The local electronic database
of San Raffaele Hospital was explored from the year
2004 to May 2023 to find additional unpublished cases
diagnosed and managed at our center.

Study selection, data collection and outcomes

Data were gathered and recorded in a dedicated database
by three different authors (M.C., G.C., A.F.). Data
on the features of fetuses prenatally diagnosed with
CKD were collected along with their neonatal outcome.
Frequencies and proportions of each relevant feature
and outcome collected were calculated and presented.
A prenatal diagnosis of CKD by ultrasound was generally
established when the knee presented an overextension
over the zero-degree plane without movements of
flexion. All other diagnostic imaging techniques were
considered. The outcomes analyzed were associated
structural abnormality, genetic anomaly, TOP, gestational
age (GA) at prenatal diagnosis and pregnancy outcome.
Three authors (M.C., G.C., A.F.) reviewed the papers
independently, and consensus was reached about their
relevance. Any uncertainty or inconsistency was resolved
by consulting the senior author (P.I.C.). The study did
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not require ethical approval. Information regarding an
unpublished CKD case from our center was collected
retrospectively from the electronic hospital database in
which patient data were anonymized and stored, and
complied with the ethical standards of human research
established by the Declaration of Helsinki. The patient
provided written informed consent for publication of the
anonymized case report.

Assessment of study quality

Quality assessment of the included studies was performed
using the National Institutes of Health (NIH) tool for
quality assessment of case series (https://www.nhlbi.nih.
gov/health-topics/study-quality-assessment-tools; accessed
on 10 December 2022). This method is recommended
by the National Institute for Health and Care Excellence
(NICE). The score was assigned based on principal factors
(questions 1, 6 and 7) as ‘good’ if all three were present;
‘fair’ if two were present; or ‘poor’ if only one was
present. A comprehensive assessment according to the
NICE and NIH standards was performed for each study.

RESULTS

Systematic review of the literature

The systematic search of the literature identified 742 stud-
ies, of which 726 were excluded and 16 were included in
the analysis (Figure 1)7–22. Nineteen cases with a prena-
tal diagnosis of CKD were retrieved from the identified
studies and an additional case was found in the database
of our center. Table 1 and Figure 2 summarize the results.

The 20 cases included in the analysis had a median GA
of 20 (range, 14–38) weeks at prenatal diagnosis, which
was made using ultrasound in most cases. Bilaterality was
observed in 11/20 (55%) and unilaterality in 9/20 (45%)
cases. The condition was isolated in 7/20 (35%) cases and
associated with other anomalies in 13/20 (65%) cases, of
which 10/13 (77%) were confirmed to have a genetic basis
and 3/13 (23%) were not found to be part of a genetic
syndrome, despite the association with other structural
abnormalities. Genetic testing was normal in all isolated
cases for which information was available (4/7). Oligohy-
dramnios was observed in 4/20 (20%) cases, and an inva-
sive procedure was performed in 13/20 (65%) cases, with
some evidence of early amniotic fluid loss after amniocen-
tesis. First-trimester screening results were reported for
8/20 cases and were abnormal in four non-isolated cases,
but no sign of knee dislocation at this GA was described.

In two cases, multiple anomalies were found without
a specific diagnosis, including prenatal findings of CKD,
fragile bones, clubfoot and abnormal growth of other
skeletal components, in particular of the long bones,
thorax and mandible13. A similar phenotype is associated
with gracile bone dysplasia; however, this diagnosis
was excluded, given the absence in these cases of
other major characteristics, such as osteocraniostenosis
with cloverleaf skull deformity, microphthalmia, small
thorax and bowed or short long bones. In another case,
prenatal ultrasound performed at 17 weeks’ gestation
revealed bilateral clubfoot, which raised the suspicion
of fetal arthrogryposis21. Amniocentesis was performed
at 18 weeks; comparative genomic hybridization (CGH)
was normal, no aneuploidy was detected, and the
skeletal dysplasia genetic panel was negative. Subsequent

Records identified
from databases

(n= 742)

Records excluded (n= 557):
      Duplicates (n= 37)
       Wrong topic (n= 520)

Excluded after abstract screening (n= 169):
       Postnatal or surgical series with no
      prenatal data (n= 169)

Records screened
(n= 185)

Records assessed
for eligibility

(n= 16) 

Excluded (n= 0)

Studies included in
review

(n= 16) 
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Figure 1 PRISMA flowchart summarizing study selection and inclusion in systematic review.
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ló

(2
02

2)
22

20
Is

ol
at

ed
B

ila
te

ra
l

N
or

m
al

2D
-U

S,
M

R
I

L
ow

ri
sk

on
N

IP
T

N
or

m
al

N
o

N
A

L
B

,V
D

C
on

se
rv

at
iv

e
N

or
m

al
(c

on
ge

ni
ta

lh
ip

dy
sp

la
si

a)
3

C
av

or
et

to
(2

02
3)

(c
ur

re
nt

ca
se

)
16

Is
ol

at
ed

U
ni

la
te

ra
l

N
or

m
al

2D
-U

S
N

or
m

al
ka

ry
ot

yp
e,

ar
ra

y
C

G
H

an
d

cu
st

om
ge

ne
pa

ne
l

N
or

m
al

C
V

S
C

ep
ha

lic
L

B
,C

S
C

on
se

rv
at

iv
e

N
or

m
al

24

O
nl

y
fir

st
au

th
or

is
gi

ve
n

fo
r

ea
ch

st
ud

y.
N

or
m

al
po

st
na

ta
lo

ut
co

m
e

w
as

de
fin

ed
as

no
re

si
du

al
an

at
om

ic
al

or
fu

nc
ti

on
al

ab
no

rm
al

it
y

de
sc

ri
be

d
fo

llo
w

in
g

tr
ea

tm
en

t
(n

or
m

al
am

bu
la

ti
on

ob
se

rv
ed

or
ex

pe
ct

ed
in

ca
se

s
w

it
h

in
su

ffi
ci

en
t

fo
llo

w
-u

p)
.*

T
ra

ns
ie

nt
ol

ig
oh

yd
ra

m
ni

os
w

as
ob

se
rv

ed
in

se
co

nd
tr

im
es

te
r

af
te

r
in

va
si

ve
pr

oc
ed

ur
e.

†A
m

ni
oc

en
te

si
s

(A
m

ni
o)

pe
rf

or
m

ed
at

37
w

ee
ks

(n
o

pr
en

at
al

ge
ne

ti
c

te
st

in
g)

.‡
M

at
er

na
lm

ir
ro

r
sy

nd
ro

m
e.

§R
ed

uc
ed

kn
ee

m
ob

ili
ty

on
on

e
si

de
(0

–
11

0◦ )
an

d
no

rm
al

on
ot

he
r

si
de

(0
–

15
0◦ ).

¶P
at

ie
nt

w
al

ke
d

in
de

pe
nd

en
tl

y,
bu

t
th

er
e

w
as

hy
po

pl
as

ti
c

pa
te

lla
th

at
m

ay
re

qu
ir

e
su

rg
ic

al
co

rr
ec

ti
on

in
fu

tu
re

.2
D

,t
w

o-
di

m
en

si
on

al
;3

D
,t

hr
ee

-d
im

en
si

on
al

;A
F,

am
ni

ot
ic

flu
id

;C
G

H
,c

om
pa

ra
ti

ve
ge

no
m

ic
hy

br
id

iz
at

io
n;

C
S,

C
es

ar
ea

n
se

ct
io

n;
C

V
S,

ch
or

io
ni

c
vi

llu
s

sa
m

pl
in

g;
G

A
,g

es
ta

ti
on

al
ag

e;
IU

D
,i

nt
ra

ut
er

in
e

fe
ta

ld
em

is
e;

L
B

,l
iv

e
bi

rt
h;

M
R

I,
m

ag
ne

ti
c

re
so

na
nc

e
im

ag
in

g;
N

A
,n

ot
av

ai
la

bl
e;

N
IP

T
,n

on
-i

nv
as

iv
e

pr
en

at
al

te
st

in
g;

N
T

,n
uc

ha
lt

ra
ns

lu
ce

nc
y;

ST
,

se
le

ct
iv

e
fe

ta
lt

er
m

in
at

io
n;

T
O

P,
te

rm
in

at
io

n
of

pr
eg

na
nc

y;
U

S,
ul

tr
as

ou
nd

;V
D

,v
ag

in
al

de
liv

er
y.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 62: 778–787.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

 14690705, 2023, 6, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.26283 by IR

C
C

S O
spedale San R

affaele, W
iley O

nline L
ibrary on [17/09/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



782 Cavoretto et al.

CKD at 14–38 weeks
(55% bilateral, 20% oligohydramnios)

(n= 20)

Non-isolated
(n= 13)

TOP
(n= 1)

Live birth
(n= 6)

TOP (Larsen, Desbuquois,
Noonan syndromes) (n= 4)

IUD (Grebe syndrome) (n= 1)
NND (Larsen syndrome) (n= 1)
Survival (Larsen and Escobar

syndromes) (n= 4) 

Genetic syndrome
(n= 10)

TOP (multiple anomalies)
(n= 2)

Survival (bilateral clubfoot;
quadricepsplasty and
casting) (n= 1) 

No genetic syndrome
(n= 3)

Conservative treatment (no surgery,
only casting) (n= 6)

Normal motor outcome (n= 6)
Congenital hip dysplasia (n= 1)

Isolated
(n= 7)

Figure 2 Flowchart summarizing outcome of cases with prenatal diagnosis of congenital knee dislocation (CKD). IUD, intrauterine death;
NND, neonatal death; TOP, termination of pregnancy.

ultrasound performed at 22 weeks showed persistence
of bilateral clubfoot, in association with hyperextension
of the lower limbs, internal rotation of the knee and
the size of the cerebellum to be at the lower limit of
the normal range. Investigations carried out at birth
(physical examination and ultrasound of the brain and
hip) confirmed the presence of bilateral clubfoot and CKD
and excluded the presence of arthrogryposis or other
abnormalities. In one of the isolated cases, ultrasound
at 20 weeks revealed hyperextension of the knees, and
magnetic resonance imaging (MRI) at 26 weeks confirmed
malalignment of the legs with anterior translation of both
tibial axes22. Cell-free fetal DNA testing was normal,
and no invasive testing was performed. Ultrasound
and radiographic examinations performed at birth were
normal, but the neonate was diagnosed with congenital
hip dysplasia and was treated with a Pavlik harness.

The malformations most frequently found in associa-
tion with CKD among the non-isolated cases are shown
in Table 2. Among the three non-isolated cases without
a clear underlying syndrome, one had clubfoot only and
the other two had complex malformation patterns. Our
review did not show an association with conditions pre-
viously reported as co-occurring with CKD in postnatal
series, such as open spina bifida and fetal akinesia defor-
mation sequence (arthrogryposis). This is probably owing
to the fact that prenatal diagnosis of these conditions is
relatively well established, and interest in these cases is
related to the primary anomaly, whereas CKD is easily
interpreted as a secondary manifestation of the primary

diagnosis, resulting in a lack of scientific publications on
this topic.

Five (50%) of the 10 cases with a genetic disorder
had Larsen syndrome. Cases with Larsen syndrome
presented with a flat facial profile (60%), micrognathia
(100%), hypertelorism (60%), bilateral or unilateral hip
dislocation (60%), short nasal bridge (40%) and low-set
ears (40%). Prenatal diagnosis of Larsen syndrome was
suspected following ultrasound detection of fetal abnor-
malities, with three cases confirmed postnatally based on
clinical assessment alone by a geneticist8,11,16 and two
confirmed with the adjunct of LAR1 mutation genetic
testing14,19. The diagnosis of Noonan syndrome was made
after TOP at 17 weeks for mirror syndrome in a fetus with
multiple anomalies with DNA analysis showing PTPN11
mutation15. In the remaining four cases with abnormal
genetic testing, the antenatal suspicion of a genetic
syndrome based on structural anomalies was confirmed
postnatally with a clinical diagnosis of Escobar syndrome,
Grebe syndrome and Desbuquois dysplasia17,18,20.

There were seven TOPs, which were performed in six
(86%) cases with multiple malformations and one (14%)
isolated case, 11 cases of postnatal survival, one intrauter-
ine death and one neonatal death. The fetal and neonatal
deaths occurred in cases with associated anomalies and
abnormal genetic findings. The neonatal death occurred in
a fetus with Larsen syndrome and multiple anomalies, in
which severe hypoxia developed as a consequence of pul-
monary insufficiency by day 2 postpartum8. The intrauter-
ine death occurred in a fetus with Grebe syndrome and

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 62: 778–787.
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Prenatal diagnosis of congenital knee dislocation 783

Table 2 Clinical findings of cases of congenital knee dislocation
with documented associated anomalies (with prenatal or postnatal
diagnosis)

Clinical feature
Cases
(n (%))

Genetic
syndrome (n)*

Micrognathia 5 (25) Larsen (5)
Clubfoot 5 (25) Escobar (1)
Short, broad or depressed nasal

bridge
4 (20) Larsen (2), Escobar (1),

Grebe (1)
Hypertelorism 4 (20) Larsen (3), Grebe (1)
Low-set ears 4 (20) Larsen (2)
Oligohydramnios 4 (20) —
Skin edema 3 (15) Noonan (1), Escobar

(limited to feet) (1)
Polyhydramnios 3 (15) Grebe (1)
Flat face 3 (15) Larsen (3)
Bilateral or unilateral hip

dysplasia
3 (15)† Larsen (3)

Absent or hypoplastic patella 2 (10)† —
Short or gracile long bones 2 (10) —
Micromelia 2 (10) Desbuquois (2)
Polysyndactyly 2 (10) Desbuquois (2)
Maternal mirror syndrome 1 (5) Noonan (1)
Skeletal dysplasia 1 (5) Grebe (1)
Oligodactyly 1 (5) Grebe (1)
Frontal bossing 1 (5) Grebe (1)
Clenched hands 1 (5) Escobar (1)
Agenesis of corpus callosum 1 (5) Larsen (1)
Pachygyria 1 (5) Larsen (1)
Unilateral kidney hypoplasia 1 (5) Larsen (1)
Extra ribs 1 (5) Larsen (1)
Ureterocele and hydronephrosis 1 (5) Larsen (1)
AVSD 1 (5) —
Hypospadias 1 (5) —
Absent thymus 1 (5) —
Pulmonary hypoplasia 1 (5)† —

*Number of cases with genetic syndrome and clinical feature is
indicated, whereas remaining clinical features were found in
non-isolated cases without genetic syndrome. †Undetectable
prenatally. AVSD, atrioventricular septal defect.

multiple severe associated anomalies, which was deliv-
ered stillborn at 35 weeks after amniodrainage because of
severe polyhydramnios18. Postnatal treatment was con-
servative in most cases, with only 2/11 (18%) reports of
surgical intervention. All isolated cases in which the preg-
nancy continued had a favorable outcome with no need
for surgery, whereas two of the complex cases required
surgery. Postnatal follow-up was up to 1 year in most
cases, with favorable motor outcome in all isolated cases.

Study quality

The quality of the studies is reported in Table 3. All studies
were case reports or small case series with sufficient quality
in most cases.

Case presentation

A 38-year-old woman was referred to our department
for first-trimester screening. Ultrasound scan documented
1.1-mm nuchal translucency, 68-mm crown–rump T
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784 Cavoretto et al.

length and normal limbs and fetal anatomy. Placental
biomarkers were also normal, with a low risk for major
aneuploidies and preterm pre-eclampsia on combined
testing. After genetic counseling, and despite the low-risk
results with normal nuchal translucency, the woman
requested chorionic villus sampling owing to her personal
anxiety in relation to her past obstetric history, in
which her previous child had a postnatal diagnosis
of Prader–Willi syndrome. Chorionic villus sampling
was performed without complications at a GA of
12 + 5 weeks, showing a normal female karyotype (46
XX) and normal array CGH. During a routine ultrasound
assessment performed at 16 + 0 weeks using a Voluson E8
scanner with a 5–7-MHz convex transducer (GE Health-
care, Zipf, Austria), CKD was diagnosed with about 45◦

of knee dislocation (overextension). Altered orientation
of the left knee was observed, causing a minimal range of
motion of the knee joint with an inverted-convex popliteal
fossa (Figure 3). The position and motility of all other
limbs and joints appeared completely normal, and no
additional structural abnormality was detected. Because
of this finding, further genetic analysis was carried out on
preserved chorionic tissue using a custom gene panel to
exclude single-gene mutations. The results were normal
for 1000 genes associated with known diseases, including
all those related to CKD. A pediatric orthopedic consulta-
tion was conducted in which we explained to the parents

Figure 3 Longitudinal prenatal ultrasound in a case with isolated
congenital knee dislocation (CKD). At 12 weeks, both legs and
knees were normal (not shown). (a) At 16 weeks, diagnosis of CKD
with 30–45◦ hyperextension was made. (b) At 20 weeks, diagnosis
was confirmed with 45◦ hyperextension. (c,d) At 26 weeks (c),
32 weeks (d) and 36 weeks (not shown), persistence of anomaly
with stable degree of hyperextension was observed. Extensive
anatomy survey was carried out during each prenatal assessment,
demonstrating normal anatomy and normal range of movements in
all joints, with exception of affected knee, which was immobile at
all assessments.

all possible postnatal orthopedic treatment options and
expected outcomes. Subsequent serial ultrasound exam-
inations were performed every 4 weeks, confirming in all
cases an isolated anomaly and normal growth and pla-
cental function. Elective Cesarean section was performed
at 38 + 5 weeks at our center, delivering a newborn with
a birth weight of 2910 g and 1-min and 5-min Apgar
scores of 8 and 10, respectively. The neonate underwent
pediatric orthopedic evaluation at birth, showing severe
clinical findings (Type II CKD according to Mehrafshan
et al.6) (Figure 4a,b). Hip dysplasia was excluded based on
ultrasound examination. Further diagnostic testing was
performed in the following days, including abdominal
ultrasound scan, brain MRI and echocardiography, all
showing normal results. Subsequent pediatric orthopedic
treatment involved weekly changing of serial plaster casts
with progressive correction of the deformity (Figure 4c,d).
After removal of the last cast, the child underwent physio-
therapy. An anterior knee brace was applied to maintain
position overnight (Figure 4e). After 6 weeks, 130◦ knee
flexion had been achieved (Figure 4f). Ultrasound scan of
the knee demonstrated normal alignment and develop-
ment of the patella. Physiotherapy was then performed
for 6 more weeks. The infant was 24 months old at the
time of writing, walked normally and did not require
surgery.

DISCUSSION

Principal findings

Our systematic review has several main findings. First,
it confirms that the prenatal diagnosis of CKD is rare.
Second, the outcome of CKD is heterogeneous, being
excellent in isolated cases with appropriate orthopedic
treatment and poor in complex cases. Third, referral for
extensive ultrasound assessment, amniocentesis, detailed
genetic testing (including cytogenetics, CGH array
and gene panel to exclude associated syndromes) and
subsequent management is mandatory, with reassurance
for isolated cases regarding favorable outcome to avoid
TOP and careful discussion and genetic consultation
for complex cases, which have a poor outcome. Fourth,
surgery is generally not required, particularly in isolated
cases, and effective treatment is mostly by early postnatal
intervention with serial casting and physiotherapy. Based
on our findings, we present a comprehensive protocol
for prenatal counseling and perinatal management
(Figure 5). Finally, we also hypothesize a distinct devel-
opmental step of anatomical maturation of the fetal
knee in the second trimester owing to the absence of
first-trimester CKD diagnoses in the limited data available
(eight reports).

Interpretation

Various treatments for CKD have been described,
including closed reduction, physiotherapy, serial casting,
minimally invasive or open quadricepsplasty and femoral

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 62: 778–787.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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Prenatal diagnosis of congenital knee dislocation 785

Figure 4 Postnatal images of isolated congenital knee dislocation. (a,b) Clinical findings after birth with severe deformity of knee with 70◦
hyperextension. (c) Gentle manipulation and application of first plaster cast for progressive correction of deformity at 2 days of age.
(d) Subsequent weekly changing of plaster cast resulted in progressive correction of deformity, achieving 90◦ flexion with seventh cast.
(e) Following removal of last cast, patient underwent physiotherapy and anterior knee brace treatment overnight. (f) Functional outcome
after 6 weeks, with 130◦ flexion and normal motor function.

shortening6,24–32. The success rate of manipulation is
77%, and the outcome improves further after treatment
with serial casting25. However, with late presentation
(> 5 weeks after birth), manipulation and serial casting
have been shown to be successful in only 27% of
cases, with other cases requiring surgery26,27. Overall,
this evidence from postnatal studies suggests that: (1)
early therapy achieves better outcome compared with
delayed therapy; (2) surgery is rarely required when
conservative treatment is initiated early but is more
frequently required when management is delayed; and
(3) treatment generally requires early manipulation,
serial casting and physiotherapy, with surgery limited to
cases in which the conservative approach is unsuccessful.
Since early orthopedic care improves the outcome, all
affected neonates should be referred early (before 48 h
postpartum) for expert pediatric orthopedic treatment.
Finally, given that prenatal diagnosis favors timely
referral to pediatric orthopedic therapy, it becomes an
important determinant of improvement in outcome.

Clinical implications

Our systematic review found Larsen syndrome to be the
commonest genetic condition related to CKD. Besides
postnatal clinical evaluation, prenatal genetic diagnosis
of the condition has become possible (mutation in the
B3GAT3 gene on chromosome 11q12). Other genetic syn-
dromes associated with CKD in our study were Escobar
syndrome (heterozygous mutation in the CHRNG gene
on chromosome 2q37), Grebe syndrome (homozygous or
compound heterozygous mutation in the CDMP1 gene
on chromosome 20q11), Desbuquois dysplasia (Type 1
mutation in CANT1; type 2 mutation in XYLT1) and
Noonan syndrome (heterozygous pathogenic variant in
BRAF, KRAS, MAP2K1, MRAS, NRAS, PTPN11, RAF1,
RASA2, RIT1, RRAS2, SOS1 or SOS2, or a heterozy-
gous variant or biallelic pathogenic variants in LZTR1
identified by molecular genetic testing). Other genetic
syndromes characterized by joint hypermobility include
Ehlers–Danlos syndrome (heterozygous mutation in the

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Ultrasound Obstet Gynecol 2023; 62: 778–787.
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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US diagnosis of CKD

Referral to MFM specialist for extensive
US screening of congenital anomalies,

including echocardiography 

Amniocentesis for cytogenetics,
CGH array and gene panel for Larsen,

Noonan, Grebe, Escobar and other
syndromes

 

Genetic
syndrome

Isolated cases

Reassure, follow up and
refer to pediatric orthopedic

surgeon.
Discourage TOP and counsel
regarding good prognosis  

Complex cases

Multiple
anomalies

Genetic consultation

Figure 5 Suggested algorithm for prenatal management of
congenital knee dislocation (CKD), including ultrasound (US)
assessment, genetic testing and classification into isolated vs
complex cases with specific indications. CGH, comparative
genomic hybridization; MFM, maternal–fetal medicine; TOP,
termination of pregnancy.

collagen alpha-1(V) gene on chromosome 9q34), Marfan
syndrome (heterozygous mutation in the fibrillin-1 gene
on chromosome 15q21), spondyloepiphyseal dysplasia
(homozygous or compound heterozygous mutation in
the gene encoding carbohydrate sulfotransferase-3 on
chromosome 10q22) and osteogenesis imperfecta (a
heterogeneous condition caused by a variable genetic
basis and wide clinical spectrum). Non-genetic conditions
predisposing to joint hypermobility in the differential
diagnosis encompass arthrogryposis multiplex, spastic
cerebral palsy, myelomeningocele and cervical myopathy.

We were not able to find data in the literature on the
challenging issue of prenatal classification as well as on
performance of the prenatal diagnosis. A false-negative
diagnosis of severe forms is unlikely with up-to-date
prenatal ultrasound, whereas breech fetuses with milder
forms may be missed; however, they rarely present with
overextension over 0◦ and generally undergo spontaneous
resolution. We propose an evidence-based algorithm for
the prenatal management of CKD based on the available
evidence (Figure 5). Our presented case achieved a good
outcome within 3 months and maintained it at follow-up,
despite the severe clinical findings at birth. This was possi-
ble owing to multidisciplinary engagement, starting with
prenatal orthopedic consultation, immediate reduction

and casting after birth and subsequently an appropriate
physiotherapy program after removal of the cast.

Strength and limitations

One of the limitations of this study is the paucity of the
literature available owing to the rarity of CKD. Moreover,
some cases of CKD may not be reported when it is asso-
ciated with a well-known diagnosis, such as open spina
bifida or arthrogryposis, in which CKD is clearly sec-
ondary. Performing systematic reviews on rare conditions
based on single case reports may lead to bias, and results
should be generalized with caution. However, it is partic-
ularly important to emphasize that isolated cases of CKD
have a good outcome, as shown by this review. The major
strength of this study is that it is the first to present all the
available evidence on the topic of prenatally diagnosed
CKD, providing a comprehensive guide with a stan-
dardized protocol for prenatal counseling and perinatal
management in cases with this rare condition (Figure 5).

Conclusions

This systematic review found that isolated CKD is an
anomaly with a favorable prognosis in isolated cases and
excellent outlook for the motor function of the lower
limbs and ambulation. In contrast, complex cases with
a genetic syndrome or multiple anomalies without an
identifiable genetic cause generally have a poor prognosis.
Further research should explore if prenatal treatment
could improve the outcome (e.g. early external cephalic
version in breech fetuses and amnioinfusion in cases of
oligohydramnios). A combination of prenatal diagnosis,
early referral to expert pediatric orthopedic management
and early conservative treatment minimizes the need for
surgery and improves outcome.
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Diagnóst ico prenatal y resultado postnatal de la luxaci ón congénita fetal de rodil la: revis i ón
sistemát ica de la bibl iograf ı́a

RESUMEN

Objetivos. La luxación congénita de rodilla (LCR) es una enfermedad poco frecuente, que afecta a 1 de cada 100
000 recién nacidos. Su diagnóstico prenatal es un reto y no está bien descrito en la bibliografı́a, especialmente cuando
aparece de forma aislada y no como parte de una malformación compleja o un patrón sindrómico. El objetivo de
este estudio fue proporcionar una revisión exhaustiva de la bibliografı́a disponible sobre el diagnóstico prenatal y el
resultado postnatal de la LRC y resumir la evidencia actual sobre este tema.

Métodos. Se realizó una revisión sistemática de la bibliografı́a sobre el diagnóstico prenatal de la LRC en PubMed,
Scopus y EMBASE. Se utilizó una combinación predefinida de palabras clave especı́ficas, centrada en las manifestaciones
intrauterinas, los métodos de diagnóstico, el comportamiento prenatal, el tratamiento postnatal y el resultado neonatal,
ası́ como el resultado a largo plazo en términos de deambulación, movimiento y estabilidad articular. La calidad de los
estudios se evaluó mediante la herramienta de los Institutos Nacionales de Salud para la evaluación de la calidad de
series de casos. Se realizó un resumen de los resultados que incluı́a proporciones y tasas de caracterı́sticas de diagnóstico
y de pronóstico asociadas a esta enfermedad infrecuente.

Resultados. En total, se recuperaron 20 casos para el análisis, de los cuales 19 se obtuvieron de los estudios elegibles
identificados (n=16) y uno fue un caso no publicado de nuestro centro. La mediana de edad gestacional en el momento
del diagnóstico prenatal, que se realizó mediante ecografı́a en la mayorı́a de los casos, fue de 20 semanas (rango, 14–38
semanas). Se observó bilateralidad en 11/20 (55%) casos. La enfermedad estaba aislada en 7/20 (35%) casos y asociada
a otras anomalı́as en 13/20 (65%) casos. Se observó una asociación con oligohidramnios (4/20 (20%)), y se realizó una
intervención traumática en 13/20 (65%) casos, incluidos 11 casos con una intervención traumática realizada con fines
diagnósticos. Las pruebas genéticas fueron normales en todos los casos aislados de los que se disponı́a de información
(4/7), mientras que en 10/13 (77%) casos no aislados (sı́ndrome de Larsen, Noonan, Grebe, Desbuquois o Escobar)
existı́a un sı́ndrome genético. Hubo siete interrupciones del embarazo, de las cuales seis se realizaron en casos con
anomalı́as asociadas y una en un caso aislado, 11 casos de supervivencia postnatal, un caso de muerte intrauterina y
uno de muerte neonatal. Las muertes fetales y neonatales se produjeron en casos con anomalı́as asociadas o hallazgos
genéticos anómalos. El tratamiento postnatal fue mayoritariamente conservador, con sólo dos informes (18% de los 11
neonatos supervivientes) de intervención quirúrgica, ambos en casos con anomalı́as asociadas. El seguimiento postnatal
fue de hasta 1 año en la mayorı́a de los casos, y el pronóstico motor parecı́a normal en todos los casos aislados.

Conclusiones. La LRC es una anomalı́a fetal rara con un diagnóstico prenatal posible desde principios del segundo
trimestre, para la que cabe esperar un resultado favorable cuando no existen anomalı́as asociadas. El diagnóstico
prenatal deberı́a incluir una evaluación ecográfica detallada y una amniocentesis para realizar estudios genéticos
exhaustivos, sobre todo en los casos no aislados. El tratamiento postnatal precoz tiene éxito en la mayorı́a de los casos
sin intervención quirúrgica y conduce a un pronóstico motor normal.

© 2023 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & SYSTEMATIC REVIEW
Sons Ltd on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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