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Abstract

Telescopic rodding has been developed in order to obtain long-lasting osteosynthesis in the growing long bones of children
with osteogenesis imperfecta (OI). The major and still unsolved drawback of any telescopic rod or nail design is a lack of
rotational stability and, currently, no telescopic system allows immediate weight-bearing. When these problems are associ-
ated with insufficient longitudinal bone stability and diminished healing capacity, the result can be unfavourable causing
secondary bone fragment displacement, delayed or non-union. This article presents a case report of operative treatment in
a 9-year-old girl affected with OI type VIII complicated with postoperative defect and pseudarthrosis of the femur causing
functional impairment with loss of walking ability. A combination of intramedullary flexible nailing and minimal external
fixation was applied for treatment of femoral defect-pseudarthrosis in a girl of 9 years with OI type VIII. Intramedullary and
extramedullary nails with wrapping of titanium nickel mesh subperiosteally provided osteosynthesis and deformity correc-
tion of the tibia of a small intramedullary canal diameter. Upright standing and walking with progressive weight-bearing
was started 4 days after surgery. There were no septic or vascular complications nor complications related to Ilizarov fixa-
tor. Radiographs demonstrated bone union in the femur 46 days after surgery. At the follow-up visit 9 months after fixator
removal, clinical alignment remained excellent without any relapse of deformity. Bone remodelling with restitution of
medullary canal was noted on lower limb radiographs. The patient was able to stand and walk without pain with an aide or
walker. At the follow-up visit 17 months after fixator removal, there was no decrease in achieved functional abilities and the
treatment outcome remained satisfactory. Use of an external fixator with intramedullary nailing for treatment of postopera-
tive pseudarthrosis in patient with severe OI (recessive form of OI, type VIII) provides longitudinal, rotational and angular
stability. Furthermore, this approach ensured early functional activity and walking with full weight-bearing, both favourable
conditions for bone tissue regeneration. The external fixator was applied for a short period and only for additional stabil-
ity and not for progressive deformity correction or other manipulation. In addition, the combination of intramedullary and
extramedullary nailing and subperiosteal titanium nickel mesh seems to be promising for osteosynthesis in the deformity
correction of bones with small diameter in children with OI.
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Introduction

Osteogenesis imperfecta (OI) is a group of genetic disor-
ders with wide phenotypic and molecular heterogeneity. The
major orthopaedic features are bone fragility, osteopenia,
progressive bone deformity and varying degrees of short
04 Dmitry Popkov stature [1, 2]. Reported birth prevalence of osteogenesis
dpopkov@mail.ru imperfecta is of 0.3-0.7 per 10,000 [3, 4] or 1 in 10,000~1
N L . in 20,000 births [1, 2, 5].
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findings and includes OI types I (mild non-deforming), II
(perinatal lethal), III (severe), IV (moderate to severe) [6].
There are 18 known genetically and largely clinically distinct
OI types [7, 8]. Recessive types of OI result from muta-
tions in the cartilage-associated protein gene (type VII) and
the prolyl 3-hydroxylase 1 gene (type VIII). Types VII and
VIII of OI vary from lethal-to-severe bone dysplasia [9—11].
Genes responsible for type VII and VIII of OI represent
5—7% or less than 10% of the disease [11, 12].

Orthopaedic surgery is part of the multidisciplinary
approach providing correction of long bone bowing, rota-
tional malalignment, angular deformity and preventing frac-
tures [13—17]. Telescopic rodding and nailing were devel-
oped to obtain a long-lasting osteosynthesis in a growing
long bone [18, 19]. The major and still unsolved drawback
of any telescopic rod or nail design is the lack of rotational
stability [16, 20, 21]. Furthermore, all telescopic systems
do not facilitate immediate weight-bearing [15, 20, 22] and
when these problems are associated with insufficient longi-
tudinal bone stability and diminished healing capacity, the
result may be unfavourable from secondary bone fragment
displacement, delayed or non-union [15, 20-24].

This article presents a case report of operative treatment
of a 9-year-old girl affected with osteogenesis imperfecta
type VIII, who underwent a combined surgical technique
(FIN associated with Ilizarov fixator) for union of an iatro-
genic defect-pseudarthrosis of the femur and simultaneous
ipsilateral tibial deformity correction.

Materials and methods

A girl of 9 years 2 months old (height 101 cm, weight
21.4 kg) presented with walking failure, functional impair-
ment, lower limb length discrepancy, loss of standing ability,
bowing of right tibia and a 22-month history of right hip
pain related to flexion, extension and rotation movement.
Pain and instability of the right leg caused a loss of capac-
ity for upright standing with weight bearing the need for
crutches. Pain and functional failure had been progressive
over the last 18 months.

The past medical history was significant for multiple
fractures managed conservatively. The diagnosis of OI type
VIII had been established using targeted next-generation
sequencing approach. The family history of the patient is
not clear because her parents were unknown, and the child
was adopted at the age of 3 years.

Surgery for lower limb deformity correction and
intramedullary nailing was undertaken abroad at the age of
7 years. According to medical records, an intramedullary
telescopic rod of Fassier-Duval type was inserted into the
left femur and tibia. Intramedullary Rush rods were used
for right leg (femur and tibia). With medical treatment, the
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last bisphosphonate dose (pamidronate) was given 6 months
prior to admission.

Clinical examination revealed short stature with rhizome-
lia (Fig. 1), relative macrocephaly, white sclerae, low degree
of myopia, mild hearing loss.

Examination showed that the patient had evident lower
limb length discrepancy of 3 cm. Right hip flexion, rota-
tion and abduction were painful with limited ROM: flex-
ion/extension—50°/0/10°; external rotation/internal rota-
tion—30°/0/40°; abduction/adduction—25°/0/40°. Pain was
localised over the right hip, proximal femur and knee joint
region. Abnormal rotation and angular mobility were found
at the distal right femur. The ranges of motion in both knees
and ankles were not limited.

The FAQ score (Gillette Functional Assessment Ques-
tionnaire Ambulation Scale (FAQ) [25]) was 3 demonstrat-
ing that the patient was able to make some steps only with
permanent assistance. Laboratory tests were within normal
limits, including the C-reactive protein (9.4 mg/L), but there
was moderate anaemia (erythrocytes 4.0 x 10® ml; haemo-
globin 110 g/L).

X-ray examination revealed diffuse osteoporosis affect-
ing pelvis and long bones with large metaphyses reflecting
growth plate disorganization (Fig. 1). There were zones of
popcorn calcification and areas of disorganized hyperdense
lines in the metaphysis and epiphysis around the growth
plate. Fassier-Duval telescopic rods were identified in the
left femur and tibia, but there were signs of the implants
were not telescoping and these were associated with large
areas of epiphysiodesis in distal femur and proximal tibia.

On the right side, we noted proximal migration of the
intramedullary Rush nail explaining mechanical pain and
limited ROM in the right hip. Furthermore, there was a
defect-pseudarthrosis with gap of 22 mm at distal femur.
We hypothesized that excessive bone resection and longitu-
dinal and rotational instability resulted in non-union and dia-
stasis between the fragments. Valgus (9°) and procurvatum
(32°) deformity of right tibia was observed causing anterior
migration of the distal part of tibial Rush nail through ante-
rior cortex. Radiographic evaluations of angles were made
preoperatively on the supine position: mLDFA—91° (R),
94° (L); mMPTA—95°(R), 90° (L); mLDTA—84°(R), 85°
(L).

Surgical technique

For the correction of problems on right femur and tibia, a
simultaneous approach to both segments was undertaken
(Fig. 2). The surgery in the femur consisted of Rush rod
removal, open limited resection of the pseudarthrosis ends
(open technique using oscillating power saw) and bipolar
flexible intramedullary nailing (FIN) of the femur and appli-
cation of the Ilizarov fixator. The external fixator assembly
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Fig. 1 Girl, 9 years old with OI type VIII, before surgery: a patient
before surgery; b standing anteroposterior lower limb radiographs; ¢
bone defect and non-union of right femur after excessive bone resec-
tion (longitudinal instability of osteosynthesis with Rush rod), proxi-

included a short proximal arc (proximal metaphysis level)
with two half-pins and two half-wires and a distal ring (distal
metaphysis level) where three wires with olives were placed
and tensioned. Two titanium flexible nails of 3 mm and
2.5 mm diameters were inserted through proximal and distal
short incisions. In the tibia, removing of the Rush nail was
followed by closing wedge osteotomy of tibia and bipolar
titanium flexible intramedullary nailing. A fibula osteoclasis
was performed by applying direct force to the bone before
completion of the tibial osteotomy. An antegrade tibial nail
of 3 mm diameter was inserted. A retrograde nail was then
inserted through the medial malleolus and placed subpe-
riosteally at the level of middle and proximal parts of dia-
physis due to small diameter of the medullary canal. Then,
its leading end was inserted into bone under direct vision
at the level of the opposite proximal metaphysis. The cur-
vatures of nails were re-oriented in the opposite directions
to the residual angular deformity. This tibial nailing was
complemented by a subperiosteal application of titanium
nickel mesh (TN-10; 150 pm) wrapping the bone fragments

(b)

mal migration of Rush rod, valgus-procurvatum deformity of right
tibia with external migration of distal extremity of Rush rod through
cortex

and nails together. On the 3rd postoperative day, a plaster
cast was applied on the tibia and foot and integrated to the
Ilizarov fixator using threaded rods.

Upright standing and walking with progressive weight-
bearing was started 4 days after surgery. There were no sep-
tic or vascular complications. The patient was discharged
from hospital 2 weeks after surgery. She was advised to
maintain an adequate calcium intake and physical activity
with emphasis on walking full weight-bearing.

Results

Radiographs demonstrated bone union in femur 46 days after
surgery. The fixator was removed under GA (Fig. 3). Radio-
graphic evaluations of angles at right side demonstrated an
mLDFA—93°; mMPTA—87°. An orthotic was used after
fixator removal and maintained for 3 weeks.

At the follow-up visit 9 months (Fig. 4) after fixator
removal, clinical alignment remained excellent without
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Fig.2 Surgery and postoperative period: a intraoperative radiographs
of right femur and tibia; surgery consisted of Rush rod removal; FIN
of femur associated with Ilizarov fixator and FIN of tibia associated
with subperiosteal titanium nickelide mesh; plaster cast was applied
at tibia and foot and integrated with Ilizarov fixator; b patient stand-
ing with walker in early postoperative period

any recurrence of deformity. Bone remodelling with res-
titution of the medullary canal was noted on the radio-
graphs. Radiographic evaluations of angles on the right
side were: mLDFA—94°; mMPTA—92°; mLDTA—84°.
The values were close to the ones measured after fixator
removal. Telescoping of the intramedullary nails indicated
longitudinal growing of the femur.

The patient was able to stand and work with an aide or
walker and without pain. The range of motion in the hip
and knee joints was not restricted. Bisphosphonate treat-
ment had been resumed at that moment.

At the follow-up visit 17 months after fixator removal,
there was no decrease in functional abilities. At 1.5 years
postoperatively, the FAQ score was 6.
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Discussion

Osteogenesis imperfecta is a rare genetic connective tissue
disorder with a dominant or recessive inheritance pattern
and with the primary clinical manifestation involving the
skeleton characterized by osteoporosis and increased sus-
ceptibility to fracture [6, 8, 11, 12]. Type VIII of Ol is reces-
sive and was identified in 2006 [9, 26, 27]. Null mutation in
prolyl 3-hydroxylase 1 causes type VIII of OI with severe-
to-lethal bone dysplasia and over modification of the type
I collagen helical region [8, 11]. Recessive types cause OI
in less than 10% of cases [11, 12]. Recessive types VII and
VIII are undistinguishable in children. Both have rhizomelia,
undertubulation of long bones, white sclerae, changed head
circumference, short stature and progressive deformities [8,
11]. A case of bilateral giant retinal tears was reported in a
9-year-old boy with type VIII of OI [7]. Obafemi AA et al.
[28] reported “popcorn” calcification around the growth
plate on lower limb radiographs (distal femur and proxi-
mal tibia) of two children with type VIII of OI. In patients
with confirmed type III OI, this radiological feature was also
found in 52% of cases. Authors have emphasized that the
popcorn calcification is likely to be frequent in severe OI but
do not distinguish cases with defects in collagen structure
(dominant type III of OI) or related to collagen synthesis
(recessive type VIII). Our reported case clinically and radio-
logically corresponds to a severe but not lethal type of OI
with only targeted next-generation sequencing identifying
this type VIII of OI.

A better quality of life including improved mobility
and functional independence are the main goals of treat-
ment for children with OI [1, 29-31]. These therapeutic
plans should be based on a long-term multidisciplinary
approach, which includes medical treatment with bispho-
sphonates, orthopaedic treatment for fractures and deform-
ity correction and rehabilitation [14, 29, 30, 32, 33].

The benefits of a telescoping intramedullary rod in frac-
tures and deformity of long bones in children with OI are
well known [16, 17, 19, 34]. The major and unsolved incon-
venience of any telescopic system design is the lack of rota-
tional stability [16, 20, 21]. In children with OI, this problem
can be associated with insufficient longitudinal bone stabil-
ity (in the case of shortening of a segment at surgery or due
to weakness of bone tissue) [21, 24] and diminished healing
capacity [22]. Furthermore, all telescoping systems are not
implants for immediate weight-bearing. Only when radio-
logical evidence of callus formation is present can active
physiotherapy and weight-bearing with the aid of orthoses
be started [15, 20, 22]. In children with severe forms of OlI,
the long bones are narrow and often not suitable for tel-
escoping rods [13, 35]. In such a situation, regular or elastic
nailing achieves the required outcomes [16, 21, 24, 36].
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Fig.3 After fixator removal: a (a)
X-radiographs of right femur
and tibia on the day of external
fixator removal; b patient in

2 days after fixator removal

(a)

-’n

(b)

(b)

Fig.4 In 9 months after fixator removal: a radiographs of right femur and tibia, note remodelling of callus at femur and large periosteal callus at

tibia covering titanium mesh; b patient standing with full weight-bearing

The reported reoperation rate in severe and moderate-
to-severe forms of OI treated with telescoping rods varies
from 13 to 53% depending on the average follow-up and the
segment operated [15, 20, 23, 37, 38]. The use of sliding FIN
in children with OI increased the reoperation rate to 75%
at 8 years’ follow-up [24]. In regular rod application (non-
sliding), the reoperation rate is 58—-87% [39, 40].

Complications of with all types of rods are not rare. These
include non-telescoping failures, joint intrusion, migration

of parts of rod, fractures, delayed or non-union, bent nails
and iatrogenic epiphysiodesis; overall a 35-40%-complica-
tion rate was reported [15, 20, 24, 39, 41]. Mechanical com-
plications remain the main problem in all published series
[15, 20, 24]. The rate of non-union and delayed union varies
from O to 14.5% [20, 23]. Boutard and Laville report one
case of pseudarthrosis (femur) from a series of 14 patients
[24]. Munns et al. observed delayed bone healing in 103 out
of 200 interventions [22]. And this complication was more

@ Springer



196

Strategies in Trauma and Limb Reconstruction (2018) 13:191-197

frequent in patients receiving pamidronate, in children with
OI type IV and from osteotomy of the tibia.

Using an external fixator as an additional stabilization
element in the treatment of orthopaedic problems from met-
abolic bone disorders is not new [20, 42—44]. Birke et al.
[20] reported use of the Ilizarov fixator to be beneficial as
additional stabilization to telescoping rodding in patients
with severe underlying bone pathology but did not describe
experience with the combined technique in OI. Kong and
Sabharwal used FIN and monolateral external fixation in
the treatment of femoral shaft fractures in children with OI;
the external fixator provided angular and torsional stability
at the fracture site and avoided inconvenient supplemental
casting [44].

In this case, the combination of FIN and Ilizarov fixator
ensured stability for the femoral bone fragments and permit-
ted early full weight-bearing in the immediate postoperative
period. That resulted in bone union at the pseudarthrosis site
within 45 days. There was no secondary torsional deformity
in postoperative period. This approach represents an advan-
tage in comparison with the use of telescopic rodding alone.
With regard to the tibial deformity correction, a combina-
tion of intramedullary flexible nail, subperiosteal flexible
nail and subperiosteal titanium net seems to be useful in
small diameter shaft bones. The achievement of all normal
radiological parameters of anteroposterior alignment of
lower limbs [45] in children with severe forms of OI may be
improbable, but overall realignment should be considered as
crucial for the goal of better quality of life including mobil-
ity and functional independence.

Conclusion

We found that the use of an Ilizarov fixator combined with
FIN in treating a postoperative pseudarthrosis of the femur
in a patient with severe OI (recessive form of OI, type
VIII) provided longitudinal, rotational and angular stabil-
ity. This approach ensured early functional activity and full
weight-bearing, both favourable conditions for bone tissue
regeneration. We should emphasize that the external fixa-
tor was applied for a short period only and for additional
stability and not for progressive deformity correction or
other manipulation. The combination of intramedullary and
subperiosteal nailing together with subperiosteal titanium
nickel mesh also seems to be promising for osteosynthesis
in deformity correction of small diameter bones in children
with OL
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