Proximal tibiofibular joint (PTFJ) dislocation due to
Ehlers-Danlos syndrome: posterolateral open-wedge
high tibial osteotomy combined with medial closed-
wedge distal femoral osteotomy can correct the
severe valgus deformity with a markedly increased
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SUMMARY

Ehlers-Danlos syndrome (EDS) causes joint
hypermobility and joint dislocation. Since there

are no reports of proximal tibiofibular joint (PTFJ)
dislocation caused by EDS, little is known about the
long-term course of this disease. A woman in her
40s presented with a posterolaterally depressed
tibial condyle and severe valgus deformity caused
by a long-standing PTFJ dislocation due to EDS.
Considering the pathology, posterolateral open-
wedge high tibial osteotomy (PLOWHTO) and

medial closed-wedge distal femoral osteotomy were
performed according to the deformity analysis. A
favourable short-term clinical outcome was obtained
and the PTFJ dislocation was reduced over time.
Although PLOWHTO has several pitfalls, it is a
logical and useful surgical technique that can help
treat posterolateral dysplasia of the tibial plateau
concomitant with severe valgus deformity, regardless
of joint laxity, if performed with attention to pitfalls.

BACKGROUND

Ehlers-Danlos syndrome (EDS) is a hereditary
disorder that leads to systemic connective tissue
fragility, such as in the skin, joints and blood vessel
walls, with joint hypermobility, leading to systemic
joint dislocations and subsequent osteoarthritis.
Although various types of joint dislocations have
been reported,'™ there are no previous reports
on proximal tibiofibular joint (PTF]) dislocations
caused by EDS. Here, we report a case of EDS with
PTF]J dislocation that led to a severe valgus-aligned
knee with posterolateral dysplasia of the lateral
tibial condyle.

CASE PRESENTATION

A woman in her early 40’s, who suffered a severe
valgus deformity with PTF] dislocation in her left
knee, was referred to our hospital. Her left knee
pain gradually worsened with time after under-
going a lateral meniscectomy 10 years ago. She
had no symptoms of swelling, clicking, catching or
limitation in her range of motion, but her quality
of life was severely limited by the impairment of
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weight-bearing caused by the excessive valgus of the
knee with hyperextension (table 1).

All conservative treatments, such as insole
therapy and steroid injection, offered at several
hospitals had failed.

Hyperextension of both knees, elbows, wrists
and fingers was observed (figure 1), and the
Beighton criteria showed a score of 8 out of 9.% In
addition to PTEF]J dislocation, she had severe scoli-
osis, a history of patellar dislocation and a family
history of joint hypermobility, which may suggest a
genetic predisposition. Based on these findings, we
clinically diagnosed her condition as EDS, despite
the lack of biochemical and/or molecular analysis
due to her refusal.

INVESTIGATIONS

Plain radiographs and CT revealed that the fibular
head was dislocated, and the tibial condyle unsup-
ported by the fibula was depressed posterolater-
ally (figure 2A,B,E,G,H). The lateral view of CT
showed a steep lateral tibial posterior slope at an
angle of 17° (Figure SE). MRI demonstrated that
the middle part of the lateral meniscus was almost
completely resected (figure 2C,D). A radiograph
of the anteroposterior view of the whole leg in
the standing position showed that the mechanical
lateral distal femoral angle (mLDFA, reference
values: 85°-90°)° and mechanical medial proximal
tibial angle (mMPTA, reference values: 85°-90°)°
were 85° and 100°, respectively. The weight-bearing
line (WBL) ratio® was 130%, demonstrating severe
valgus alignment. The major cause was a deformity
of the proximal tibia with a mild deformity of the
distal femur (figure 2F).

Based on the deformity analysis, we performed
preoperative planning. The target mechanical
axis was planned as the postoperative WBL ratio
passed through 50% from the medial edge of
the tibial plateau. Accordingly, the correction
angle was planned to be 6° by medial closed-
wedge distal femoral osteotomy (MCWDFO)
and 8° by posterolateral open-wedge high tibial
osteotomy (PLOWHTO). The posterior opening
distance was calculated to be 8 mm based on a
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Table 1 Patient-reported outcome measurement at 2 years after
surgery
Preoperative 2years after surgery
KOOS symptoms 85.7 92.9
KOOS pain 75 94.4*
KOOS ADLs 48.5 97.1*
KOOS sports 20 75*
KOOS QOL 0 87.5*

Asterisks indicate minimal clinically significant differences.
KOOS ADLs, KOOS Activity of Daily Living; KOOS, Knee Injury Osteoarthritis and Outcome
Score; KOOS QOL, KOOS Quality of Life.

3-dimensional printed model (ZimmerBiomet G.K., Tokyo,
Japan) (figure 21,J). Although the standard value of the tibial
posterior slope is 6° when the posterior cortex is used as a
reference line,” the target slope was planned to be around
10° to prevent further hyperextension of the knee.

DIFFERENTIAL DIAGNOSIS

Treatment

The patient was placed in a supine position under general
anaesthesia. No tourniquet was used throughout the whole
arthroscopy and femoral, fibular and tibial osteotomy proce-
dures. After arthroscopic partial meniscectomy for a flap tear
of the posterior segment of the lateral meniscus, a biplanar
MCWDFO was performed using a subvastus approach
according to the procedure described by Nakamura et al.®
The osteotomized site was fixed with an MCWDFO-specific

Figure 1

Physical examination demonstrates polyarticular joint
hypermobility. The knee and elbow joints show hyperextension by more
than 10°. The Beighton diagnostic criteria for EDS show a score of 8 out
of 9.4 EDS, Ehlers-Danlos syndrome.

mLDFA

Figure 2 Preoperative plain radiographs, MR, three-dimensional
(3D) CT and a 3D-printed model from the 3D-CT. (A) A plain radiograph
with an anterior—posterior view shows that the proximal tibiofibular
joint (PTFJ) was dislocated with decompression of the lateral tibial
plateau. (B) Lateral view of a radiograph. (C) The coronal plane of MRI
demonstrates that the middle part of the lateral meniscus has been
almost resected. (D) The sagittal MRI of the lateral compartment of the
knee. (E) Axial view of the MRI. There was no interposed connective
tissue between the fibular head and the lateral tibial condyle. (F)

A radiograph of the whole leg in the standing position shows

severe valgus alignment due to proximal tibial deformity. Weight-
bearing line (WBL) ratio=130%, mechanical lateral distal femoral
angle (mLDFA)=85° and mechanical medial proximal tibial angle
(mMTPA)=100°. (G) A posterior view of CT demonstrates the dislocation
of PTFJ and the steep tibial posterior slope. (H) Posteromedial view. (I)
The osteotomy line of posterolateral open-wedge high tibial osteotomy
in a 3D printed model. (J) The simulation of the posterolateral opening
of the osteotomized site (double-headed arrow).

locking plate (TriS Medial DFO Plate, Olympus Terumo
Biomaterials, Tokyo, Japan). The peroneal nerve was then
released through a posterolateral longitudinal skin inci-
sion, separate from the incision for the tibial osteotomy, to
prevent peroneal nerve palsy by posterolateral opening. The
posterolateral incision provided working space for subse-
quent fibular osteotomy with safe and sufficient retraction
of the released nerve. Segmental fibular osteotomy was
performed through the same incision immediately below the
fibular head (figure 3A,B).

Subsequently, a 10cm curved longitudinal skin incision was
made on the anterolateral aspect of the knee through Gerdy’s
tubercle. The tibialis anterior and posterior soft tissues were
subperiosteally released. Two Kirschner wires (2.0 mm diameter)
were inserted 40 mm distal to the lateral proximal tibial plateau
to 15mm distal to the medial proximal tibial joint surface. A
hinge point was set at approximately 5 mm before the medial
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Figure 3  The peroneal nerve neurolysis and fibula osteotomy of the
left knee. (A) The peroneal nerve (white arrowhead) was released in the
proximal and distal directions. (B) Segmental osteotomy (white arrow)
of the fibula was performed.

tibial cortex. Since PLOWHTO is likely to be unstable following
a hinge fracture, the medial plate (TomoFix small version,
DePuy Synthes, Bettlach, Switzerland) was temporarily fixed
with two Kirschner wires before tibial osteotomy (figure 4A,B).
For the medial plating, the anteromedial arthroscopic portal
was extended distally by 3 cm and the plate was subcutaneously
installed.

A biplanar osteotomy was performed similarly to that of
medial open-wedge high tibial osteotomy (OWHTO), !
and the osteotomized site was opened to the planned
distance using a spreader. The removed fibula was crushed
and used as a gap filler, and two bone-substitute wedges
made of beta-tricalcium phosphate (OSferion60 Marvelous;
Olympus Terumo Biomaterials, Tokyo, Japan) were inserted
between the lateral cortices (figure 4C). Lateral fixation was
then performed using an locking compression plate (LCP)
proximal lateral tibial plate (DePuy Synthes, Bettlach, Swit-
zerland), and medial plate fixation was completed using
locking screws (figure 5A,B). Range of motion exercises
were initiated on the first day after surgery, and full weight-
bearing was allowed at 6 weeks.

OUTCOME AND FOLLOW-UP
Postoperative radiography of the entire leg revealed an
anatomically corrected WBL (51%). mLDFA and mMPTA

A

Figure 4 Medial plating before posterolateral opening. (A) Temporary
fixation on the anteromedial side of the osteotomy level. (B) The
proximal screw is inserted through the medial another skin incision, and
the distal part of the plate is fixed through the lateral skin incision. (C) A
posterolateral osteotomy line is shown. The beta-tricalcium phosphate is
inserted in the direction of the posterolateral opening.

were corrected to 91° from 85° and 92° from 100°, respec-
tively. The 3-dimensional CT demonstrated that the lateral
tibial posterior slope angle decreased from 17° to 11° after
surgery (figure SE,F). Both coronal and sagittal alignments
were maintained for 2 years after surgery (figure 5C,D), and
the PTFJ dislocation was reduced over time (figure 5C,D).
At 2 years of follow-up, the patient reported no complaints
and showed significant improvement in Knee Injury and
Osteoarthritis Outcome Score. The score exceeded the
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Figure 5 Postoperative images. (A) A radiograph of the
anteroposterior view of the postoperative knee. (B) Lateral view. (C)

A radiograph of the whole leg in the standing position demonstrates
anatomical alignment. (D) A postoperative radiograph obtained after 2
years shows favorable alignment. (E) Preoperative posterior tibial slope
angle. (F) Three-dimensional CT demonstrates that the posterior tibial
slope angle decreased after surgery.

minimal clinically important difference'”
symptom subscale (table 1).

except for the

DISCUSSION

Although there have been reports of dislocation of the hip,
patella, shoulder, elbow joints, etc, in patients with EDS,™ a case
of dislocation of the PTF]J associated with EDS has never been
reported. Traumatic PTEF] dislocation in adulthood, although
rare,” provides little useful information about the effects of
PTF]J dislocation in skeletally immature knees on bony growth
and/or bony deformities. From the present case, we found that
the dislocation of the fibula, which acts as a supporting strut for
the posterolateral part of the tibial condyle,'* * caused dysplasia
of the posterolateral tibia, resulting in valgus knee alignment. It
is possible that excessive lateral compartment loading exerted a
compression force on the distal lateral femur, which also induced
a valgus deformity of the distal femur.

In comparison with other syndromic dysplasias of the knee
joint such as Blount disease, Turner syndrome or Ellis-van
Creveld syndrome, the skin and blood vessels of EDS patients
should be treated with special care because of the fragility of the
systemic connective tissue. Gentle retraction and careful haemo-
stasis during surgery could be crucial to a successful osteotomy.
The use of separate incisions—an anterolateral incision for the
tibial osteotomy and a posterolateral incision for the fibular oste-
otomy/peroneal nerve release—may enhance security. To control
bleeding, we used a non-tourniquet procedure under strict blood
pressure control (< 100mm Hg) to ensure that any vascular
injury could be detected during surgery, thus mitigating the risk
of postoperative haemorrhagic swelling.

Anterior proximal
tibiofibular ligament

3

Crural interosseous
membrane

X
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Figure 6 The role of the crural interosseous membrane and the
stabilizing effect of each osteotomy. (A) Fibula osteotomy at the
midportion and segmental resection (black arrow). (B) In opening the
proximal tibia (red lines), the proximal part of the osteotomized fibula
requires a proximal migration (white arrow) in synchrony with the
tibia. The counterforce by the crural interosseous membrane inhibits
the proximal migration of the fibula (black dotted arrow), which
makes it difficult to open the gap. (C) The proximal fibular osteotomy
immediately below the fibular head enables fibular proximal migration
without any interference (green arrow). (D) In medial open-wedge high
tibial osteotomy (HTO), the fibula supports the lateral stability when a
hinge fracture (dotted circle) occurs. (E) In hybrid closed-wedge HTO,
which is combinational HTO of medial open (blue arrows) and lateral
close (red arrows), medial collateral ligament acts as tension band
(black arrowheads), leading to medial stability. (F) In posterolateral
open-wedge HTO, when a hinge fracture (dotted circle) occurs, (G)
lateral osteotomized site opening (double-headed arrow) results in
medial instability since medial collateral ligament does not act as

a medial stabiliser. (H) Temporary fixation on the anteromedial side

of the osteotomy provides medial stabilisation and facilitates the
posterolateral opening maneuver (double-headed arrow). The figures
were drawn by the first author (anonymised for the blinded review).

For patients with Blount disease or Turner syndrome, with
severe varus of the knees with a single deformity centre around
the medial tibial condyle, surgical correction with a large
opening at one time should be avoided. An inverted V-shaped
high tibial osteotomy,'® which can reduce the opening distance,
or gradual correction using the hemicallotasis method,"” are
possible options. For severe and complicated valgus deformity
due to Ellis-van Creveld syndrome, two-step correction'® may
be the most reliable procedure. In the current case with EDS,
the posterolateral opening distance was decreased by performing
an MCWDFO according to the deformity analysis, reducing the
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Learning points

» Proximal tibiofibular joint dislocation due to Ehlers-Danlos
syndrome causes dysplasia of the posterolateral tibia,
resulting in a severe valgus-aligned knee.

» Depending on the patient’s condition and deformity, extra-
articular osteotomy may be helpful in certain cases.

» In posterolateral open-wedge high tibial osteotomy
(PLOWHTO), peroneal nerve neurolysis is necessary to avoid
peroneal nerve palsy.

» PLOWHTO requires fibula osteotomy just below the fibula
head to eliminate the effect of crural interosseous membrane
stability.

» In PLOWHTO, anteromedial temporary fixation provides a
medial stabilising effect.

risk of complications such as skin laceration, peroneal nerve
palsy and/or delayed union.

The efficacy of TKA as a treatment for knee OA and joint
instability associated with EDS has been reported previously."
However, it has also been reported that postoperative insta-
bility can necessitate revision surgery in some cases.”’ > Since
the valgus deformity was localised to the proximal tibia in this
case, extra-articular osteotomy was a more logical and solution-
oriented approach to the problems of joint laxity and deformity
correction.

Considering the pathology, the correction osteotomy should
be targeted for anatomical alignment. Therefore, we planned
(1) the posterolateral opening osteotomy of the tibia and (2)
the medial closing osteotomy of the distal femur. Although
MCWDFO can be performed in the usual manner, PLOWHTO
has several pitfalls.

The important points to be considered when using this tech-
nique are as follows: (1) peroneal nerve neurolysis is necessary;
(2) fibula osteotomy is performed just below the fibular head
and (3) the posterolateral gap is opened after temporary plate
fixation of the anteromedial site. Mechanical stretching of the
nerve is likely to contribute to nerve injury or ischaemia,*
resulting in peroneal nerve palsy. Prior to fibula osteotomy, pero-
neal nerve neurolysis creates a working space for the osteotomy
by retracting the peroneal nerve. Fibular osteotomy before
PLOWTHO must be performed just below the fibular head
because the crural interosseous membrane stabilises the posi-
tional relationship between the tibia and fibula (figure 6C). The
crural interosseous membrane makes it challenging to open
the gap if fibular osteotomy is performed at the midportion of
the fibula (figure 6A,B). In medial OWHTO, the PTF]J stabi-
lises the osteotomy site, even if a type I hinge fracture occurs
(figure 6D).** In addition, in hybrid closed-wedge HTO, the
medial collateral ligament acts as a tension band, leading to
medial stability (figure 6E).” However, in PLOWHTO, there
is no stabilising effect on the anteromedial aspect of the oste-
otomy site, which leads to instability following a hinge fracture
(figure 6F,G). Therefore, temporary anteromedial plate fixation
was necessary before opening the posterolateral gap (figure 6H).
Attention to these critical factors can help reduce the risks of
intraoperative and postoperative complications.

Although this is a report of a single rare case and its short-term
outcome, PLOWHTO can be applied to cases of tibial plateau
fractures with lateral tibial dysplasia. However, it remains
unknown whether patients need to undergo additional surgery
in the long term. Segmental osteotomy of the fibula might

cause deformity of the tibia in the long term owing to the lack
of support of the fibula. As segmental osteotomy of the fibula
can shorten the course of the peroneal nerve, we performed
segmental osteotomy in this case. Although the short-term clin-
ical outcomes were favourable, further follow-up is required.

In conclusion, we performed a novel osteotomy adapted to the
patient’s pathology and deformity in a young patient with genu
valgum due to EDS, which led to good short-term outcomes.
PLOWHTO is considered a valuable surgical technique when
performed with attention to pitfalls.
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