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Introduction: Injuries to the quadriceps extensor mechanism are rare in patients with
Osteogenesis Imperfecta (OI). To the best of our knowledge, non-union of the patella in OI,
either as an isolated problem or in combination with an acute fracture, has not been
previously reported.

Case report:We describe how we surgically approached both the fracture and the non-
union simultaneously. The surgical technique and steps are described in detail. Post-
operative course was uneventful and the outcome was favorable, with full return of
function for the patient.

Conclusion: A review of various knee extensor mechanism injuries in OI is described as
illustrated in a single patient. The unusual simultaneous surgical treatment of a non-union
and an acute fracture in the same patella shows that despite the severely compromised
bone in this rare bone disease the bone still has a capacity to heal with a functional
outcome.
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INTRODUCTION

Osteogenesis imperfecta (OI) is an inherited bony dysplasia best known for its fracture susceptibility
of the long bones and the spine, deformity, and growth deficiency. Its underlying genetic disorder is
a mutation in either one of the collagens I genes (Col 1A1 or Col 1A2) that encode the alpha 1 and
alpha 2 chains of collagen. With newly identified mutations since 2006, the original Sillence
classification (type I–IV) that was based on clinical presentation, radiographic appearance, and
inheritance pattern, has been adapted to now include 21 different OI types (1–5).

The most common OI type is type I. These patients are usually active and ambulatory with a
slight shorter stature (6). Most fractures are of the long bones (femur, tibia, and humerus), and
spine. Most fractures are sustained at a young age, although it is a life-long problem with an
estimated 25% of fractures occurring in adult life. Fractures of smaller bones are relative rare. The
increased understanding of the underlying molecular mechanisms has not been mirrored by
improvements in treatment (7).

The orthopedic surgeon has an important role in the treatment of these fractures in OI patients,
whether operative or non-operative. We describe a patient who sustained traumatic injuries—and
post-traumatic complications thereof—to various components of the extensor mechanism of both
n.org January 2021 | Volume 11 | Article 6036381

https://www.frontiersin.org/articles/10.3389/fendo.2020.603638/full
https://www.frontiersin.org/articles/10.3389/fendo.2020.603638/full
https://www.frontiersin.org/articles/10.3389/fendo.2020.603638/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:p.kloen@amsterdamumc.nl
https://doi.org/10.3389/fendo.2020.603638
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2020.603638
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2020.603638&domain=pdf&date_stamp=2021-01-21


Kloen et al. Knee Trauma in Osteogenesis Imperfecta
knees over the course of 15 years. Among these, we report an
unusual combination of a fracture and non-union in the same
patella. To the best of our knowledge, this combination has not
been previously reported. Furthermore, we were unable to find
the description of a patellar non-union in OI. In this case report,
we present these injuries, their treatment, and outcome, in
addition to a review of the literature on extensor mechanism
injury of the knee in OI.
CASE REPORT

A 29-year-old male with a diagnosis of type I osteogenesis
imperfecta presented to our emergency room with a painful
right knee and inability to extend his knee. He had fallen of a
folding chair that collapsed when he tried to sit down. This had
caused a forced hyperflexion injury of his right knee.

His past medical history was significant for numerous
fractures of both upper and lower extremities. He had
sustained bilateral transverse patella fractures 13 years prior to
the present injury. These had been treated with suture repair. He
also had sustained an avulsion of the inferior pole of the right
patella that was treated with suture fixation 3 years prior. He had
done reasonably well but then sustained a new injury to this right
knee and was diagnosed with a transverse non-union of the
patella. It was unclear if this had been in existence since the initial
suture fracture repair 13 years prior. He had developed a 20
degrees extension lag of his knee but was still able to do a straight
leg raise. Because of the CT finding of the non-union, he was
offered surgery but given his minor symptoms and upcoming
school exams he declined surgery.

His past medical history also included scoliosis correction T4-
L5, operative repair of a left and right (including revision and
later hardware removal) olecranon fracture, and a distal humerus
fracture. His medication at the time of his presentation included
bisphosphonates (risedronate/calcium 35 mg once every week)
Frontiers in Endocrinology | www.frontiersin.org 2
which he had been taken for years. All his previous orthopedic
care had been done at another academic hospital.

When we first saw him, plain radiographs and a CT of his
right knee were obtained (Figure 1). These showed a
comminuted fresh fracture of the upper half of the right patella
proximal to a long-standing transverse non-union. The non-
union had sclerotic edges and a gap of approximately 4 mm.
Given his inability to extend his knee, we offered surgical repair
and, at the same time, an attempt at fixing the long-standing
non-union. After discussing the alternative of only fixing the
fresh fracture, the patient chose to address surgically both the
fracture and non-union with use of homologous bone graft.

Surgery was performed under general anesthesia with the
patient in supine position on a radiolucent table. A tourniquet
was used. The knee was brought in 20–30 degrees of flexion. The
old longitudinal incision of 15 cm was used, extending from
the tibia tubercle to 3 finger breadths above the superior pole of
the patella. Old suture material was removed. There were no
signs on infection. Five deep tissue cultures were taken after
which the tourniquet was deflated briefly, and he was given IV
antibiotics (Cefazolin 2 gr). A lateral parapatellar arthrotomy
was done originating from the tear in the lateral retinaculum.
The patella was now inverted to directly visualize the
comminuted articular surface. The fracture hematoma was
irrigated and debrided. The non-union was identified in the
lower half of the patella. There was a clear soft spot but the two
parts of the non-union were bridged by non-osseous tissue. The
non-union was not opened. With a 1.5 mm drill starting from the
fracture side, we made a few drill holes perpendicular through
the stiff non-union until blood was noticed to egress from the
drill holes. We then first reduced the two parts of the
comminuted superior aspect of the patella. This was done
using curettes, dental pick, irrigation, and suction and pointed
reduction clamps. Perfect alignment was obtained as visualized
on the articular surface. The fragments were temporarily
transfixed with 1.25 mm K-wires.
A B

FIGURE 1 | Sagittal CT view (A) and lateral radiograph (B) of the right patella showing the combination of the acute fracture and longstanding nonunion.
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A cannulated titanium headless screw (mini Acutrak,
Hospital Innovations, Belgium) was then used to fix the two
large upper pole fragments. The K-wires were removed. Next this
reconstituted superior fragment of the fracture was reduced to
the inferior part of the patella including the non-union using two
large-pointed reduction clamps and temporary K-wires. From
distal two 4.7 mm cannulated headless titanium screws (Acutrak,
Hospital Innovations, Belgium) were placed through the non-
union from inferior to superior crossing the fracture. Care was
taken to bury the screws within the bone as not to irritate the
quadriceps or patellar tendon. A figure-of-eight 1 mm steel
cerclage wire was then placed through these two 4.7 mm
screws, twined, and tightened. The K-wires and reduction
clamps were removed. A 2.4/2.7 mm steel Mesh plate (DePuy
Synthes, Amersfoort, The Netherlands) was then cut to fit over
the dorsal side of the reconstructed patella and fixed with
unicortical 2.7 mm locking screws. Each major fragment was
fixed by the mesh plate without encroachment of the hardware
on the superior and inferior tendinous parts. The superior limb
of the plate was placed under the quadriceps, where the inferior
part was placed under the patella tendon. Screw placement was
observed to be extra-articular through the lateral parapatellar
arthrotomy. Two non-absorbable no. 2 sutures were placed
through the superior and inferior portion of the plate and then
passed through the patellar tendon as a Krackow suture. These
sutures were tied with the knee in extension. The retinaculum,
subcutaneous tissues, and skin were closed in the usual fashion.
The dorsal aspect of the fracture and non-union were covered
with 2.5 cc demineralized bone matrix (DBX, DePuy Synthes,
Amersfoort, The Netherlands). Total tourniquet time was less
than 2 h. The patient was given a hinged knee brace locked in
extension for 6 weeks. No active extension was allowed for 6
weeks. After 6 weeks the brace was discontinued, and physical
Frontiers in Endocrinology | www.frontiersin.org 3
therapy was started. Bisphosphonates were discontinued until
there was healing of both the fracture and non-union.

At 3 months follow up the patient had regained full range of
motion of his knee (140-0-0) and reported no pain (Figure 2).

One year after the right knee surgery he returned to his old
hospital where the patella hardware on the right was removed as
this was bothering him. The patella had solidly healed with an
excellent function (Figure 3).

Eight months later the patient was diagnosed with an avulsion
fracture of the inferior pole of the left patella (Figure 4) for which
he underwent suture fixation at an outside hospital. This healed
uneventfully within 3 months.

Nine months later he fell off a barstool and sustained an
avulsion of the quadriceps tendon of the superior pole of the left
patella (Figure 5) in addition to a right ankle fracture dislocation.
We performed open reduction and internal fixation of his ankle
fracture and suture repair through transpatellar tunnels of his left
quadriceps’ tendon avulsion. These two injuries recovered
uneventfully. Seven months later he again fell off a chair and
was diagnosed with a transverse fracture of the left patella
(Figure 6). As he was still able to do a straight leg raise, we
treated him with a hinged knee brace. At 3 months follow up his
left patella fracture had healed in anatomic position (Figure 7),
with a good functional outcome (for a chronologic overview of
his traumatic knee lesions see Figure 8).
OVERVIEW OF THE LITERATURE ON
EXTENSOR MECHANISMS INJURIES OF
THE KNEE IN OI

A review was done in accordance with the Prisma statement
(www.prisma-statement.org). A comprehensive search was done
FIGURE 2 | Plain AP and lateral radiographs at 3 months follow-up showing a healed patella.
January 2021 | Volume 11 | Article 603638

http://www.prisma-statement.org
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Kloen et al. Knee Trauma in Osteogenesis Imperfecta
in PubMed and Embase.com. The search terms (including
closely related words and synonyms) included “osteogenesis
imperfecta”, “patella”, “knee”, “ligament”, “sleeve”, “fracture”,
and “non-union” and “nonunion”. We only included articles in
English, there were no date restrictions. Using this strategy, we
identified a total of nine suitable articles. After cross checking
references three more articles were included. Most of the papers
Frontiers in Endocrinology | www.frontiersin.org 4
were case reports. The articles were assessed by the first author of
this manuscript. A total of 12 were selected for this review (Table 1).
Of these 12 papers, there were seven that described extensor
mechanism injures in OI. They are summarized in Table 1. Most
of them affected young males with OI type I. Operative treatment
was common and with successful outcome in 100% of cases. No
complications were listed.
FIGURE 3 | AP and lateral radiographs after hardware removal.
FIGURE 4 | AP and lateral radiographs of the left patella showing an avulsion fracture of the inferior patella pole.
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DISCUSSION

Osteogenesis imperfecta (OI) is known for its qualitative or
quantitative deficiency of collagen I. As such it can affect not
only bone but any other organ or structure containing connective
tissue, including tendon, sclerae, ligaments, and skin. Most
patients with OI will sustain many fractures especially in
childhood. Although many of these fractures can be treated
non-operatively, the trend nowadays is to treat long bone
Frontiers in Endocrinology | www.frontiersin.org 5
fractures operatively with lengthening intra-medullary nails,
specifically in the presence of repeated fractures and/or
deformities. Intra-articular fractures, however, often warrant
surgical treatment, in order to restore the normal anatomy of
the articular cartilage.

As previously mentioned, tendons in children with OImay also
be weakened by the deficient collagen. Tendon injuries in OI are
infrequent and much less common than bony injuries, but have
been described affecting the Achilles tendon, triceps tendon,
A B

FIGURE 5 | Sagittal CT view (A) and lateral radiograph (B) of the left patella showing an avulsion fracture of the superior patella pole.
FIGURE 6 | AP and lateral radiographs showing a transverse fracture of the left patella.
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patellar tendon, and quadriceps tendon (8, 14, 16, 17, 20). These
later two tendons are part of the extensor mechanism of the knee
which also include the patella and the patellar tendon insertion
onto the tibial tubercle. Discontinuity of the knee extensor
mechanism will prevent knee extension and causes instability
during walking. This by itself represents a major disabling injury
in any patient, but even more so in an OI patient whose mobility is
already compromised by deformity, muscular weakness, and
ligamentous laxity. Discontinuity in the extensor mechanism of
the knee can be caused by tendon avulsion, tendon rupture,
fracture, or combinations thereof. In children there is a fracture
subtype known as a sleeve fracture, described in 1997 by
Houghton and Ackroyd (21), where a sleeve of cartilage is
pulled off the main body of the patella with a bony fragment.
This can either be from the inferior pole which is most common,
or the superior pole (22). In essence it is a failure of an immature
osteochondral junction. It is unclear if a true sleeve fracture can
exist in the adult as the ossification of the patella is considered
complete in adulthood. Possibly an intrinsic tendon and/or bone
problem such as OI can cause a “sleeve fracture” in adulthood (12).

Other causes of a quadriceps or patellar tendon rupture are
systemic diseases such as systemic lupus erythematosus (SLE),
rheumatoid arthritis, (RA), gout, or hyperparathyroidism, steroid
use, or renal disease (23, 24). The underlying pathophysiology of
these ruptures varies with the disease process. Avulsions are best
treated with sutures via trans-osseous tunnels or bone anchors.

Our patient had already sustained bilateral patellar fractures
as a child and also a right patella tendon avulsion fracture as a
young adult. Later it was noticed that he had a right patella
Frontiers in Endocrinology | www.frontiersin.org 6
non-union of unknown age for which treatment was postponed
because of school obligations.

When he presented to us for the first time with his fresh
comminuted right patella fracture, the co-existing non-union of the
patella added another level of complexity to an already challenging
problem. The classic definition of a non-union as a fracture that has
not healed in 9 months, has recently been modified to a fracture
“that will not heal without further invention”. Non-unions in OI
occur but have not been addressed in the literature other than in
small series or case reports. The popularization of second and third
generation oral and intravenous bisphosphonate therapy in OI (25)
may increase the risk of a non-union. Biphosphonates inhibit
osteoclast activity, potentially having a negative effect on
remodeling after fracture healing. This negative side effect of
bisphosphonate therapy in OI has been shown after osteotomies
but not yet after fractures (26). A recent review concluded that
bisphosphonates did not influence fracture healing after wrist, hip
or spine fractures (27). The long-term use of bisphosphonates does
however seem to be related to atypical femoral fractures (28).
Whether biphosphates should be stopped (drug holiday) when an
OI patient has an acute fracture is still controversial.

Treatment of the displaced patella fracture is most often done
using cerclage wires in comination with K-wires or (cannulated)
screws (29). More recently, locked plating for a comminuted
patella fracture has become more popular as it provides
multiplanar fixation (30).

Treatment of a non-union consists of compression and
optimizing of biology in atrophic and oligotrophic non-union
(31). To the best of our knowledge, there are no guidelines for
FIGURE 7 | AP and lateral radiographs at 3 months, showing healing of the transverse left patella fracture.
January 2021 | Volume 11 | Article 603638
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simultaneously treating a fracture and a non-union in the same
bone. We thought that using a combination of cannulated screws
for compression of the non-union and multiplanar plating for
buttressing would address both problems in one reconstruction.
The use of a lateral parapatellar approach with inversion of the
patella would allow an extensive overview of the articular surface.
To optimize the biological healing potential of the non-union,
the lateral parapatellar approach was also chosen because it had
already been shown to not compromise the vascularity (32).
Given the compromised bone quality we felt some type of bone
graft would be beneficial. The Gold standard for non-union
treatment is autologous bone graft. However, given the
underlying OI, any bone harvested from the patient would
have the same intrinsic problem. Therefore, we chose
Frontiers in Endocrinology | www.frontiersin.org 7
homologous bone graft in the form of demineralized bone
matrix (DBX). Its use has not been specifically studied in OI,
but it has shown to be non-inferior in various non-union
papers (33).

Delayed healing of osteotomies is often observed in OI patients
on bisphosphonates (25). To date it is unclear if bisphosphonate
treatment in mild forms of OI can lead to non-union (6). But it
seems prudent to withhold bisphosphonates after non-union
treatment. Anabolic treatment with teriparatide (parathormone)
was also shown to benefit BMD in OI (25). However, in our
country, the use of teriparatide for non-union in OI is not current
standard of care.

It is important that OI patients have an established relation
with orthopedic surgeons that are familiar not only with the
FIGURE 8 | Chronological overview of the patient’s traumatic knee lesions and treatment.
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disease but who also have experience with non-union treatment.
Reports on patella non-unions are scarce. Klasen et al reported
on 20 patients with a patella non-union (34). Seven were treated
non-operatively (some of whom were minimally symptomatic)
whereas the other 13 were operated. Operative management
included open reduction and internal fixation (tension band
wiring, Bunnell wiring, cerclage wiring, or screw fixation, partial
patellectomy, or patellectomy. Only two patients received bone
graft but no details on the indications were provided. All
operated patients except one healed the non-union. All those
treated non-operatively did not heal. Satku and Kumar reported
on three patella non-unions that were successfully treated with
tension band fixation (35). Uvarai et al. treated 22 neglected
patella fractures that had not united with tension band wiring
with or without cerclage in 19 and with patellectomy in three
(36). Twenty out of 22 had an excellent/good results at year
Frontiers in Endocrinology | www.frontiersin.org 8
follow up of 5.5 year. Nathan et al published a systematic review
on non-union and delayed union of the patella (31). A total of 5
publications was identified, including 45 patients. In 66% of
patients, the treatment consisted of tension band wiring. Bone
graft was rarely used (2/45). They concluded that tension band
wiring is the treatment of choice for patient suitable for
reconstruction. Partial of total patellectomy is also an option
according to their review (31).
CONCLUSION

This case reports describes a variety of consecutive rare traumatic
injuries of the extensor mechanism of the knee in a type I OI
patient. It is unclear whether suboptimal patellofemoral alignment
January 2021 | Volume 11 | Article 603638
TABLE 1 | Overview of the literature on extensor mechanisms injuries of the knee in patients with osteogenesis imperfecta (OI).

Author Injury Mechanism of injury Operative details Follow-up

ElGuindy et al. (8) Chronic patellar tendon disruption Fall downstairs Reconstruction with allograft bone-
tendon-bone

FU 5 yr

27 yo male, OI type NA Primary repair ROM 135-0-5
IKDC score 58,5%

Mehta and Mahajan (9) Tibial tubercle avulsion and patellar
tendon rupture

Minor tripping and fall Screw fixation tibial tubercle FU 7 yr

11 yo male, OI type NA Suture (Krakow) and bone anchor FROM
10 degrees
recurvation

Kim et al. (10) Simultaneous bilateral patellar tendon
rupture

No real trauma Sutures FU 10 mo

55 yo female, Type I OI Wire loop around patella ROM 100-0-0
Jansen and Haddad (11) Distal patellar tendon avulsion Soccer Sutures (whipstitch) FU 1 yr

29 yo male, Type I OI Drill holes tubercle and bone anchor ROM 120-0-0
Kakazu et al. (12) Avulsion upper pole patella (sleeve

fracture)
Spontaneous fracture during
walking

Sutures FU 6 mo

30 yo male, Type I OI Quadriceps turn-down
Wiss et al. (13) Tibial tubercle avulsion

16 yo male, Type I OI Basketball Screw fixation FU 10 mo
16 yo male, Type I OI Running Screw fixation FU 8 mo

Kothari et al. (14) Bilateral patellar tendon ruptures Fall on knee Suture FU 7 mo
27 yo female, Type IB OI Protection wire ROM 110-0-0

Khodadadyan-Klostermann
et al. (15)

Bilateral tibial tubercle avulsion Spontaneous fracture during
running

Screw fixation FU 1 yr

15 yo male, Type I OI FROM
Figueroa et al. (16) Spontaneous bilateral quadriceps

tendon rupture
Fall Sutures FU 4 yr

28 yo male, Type I OI Trans patellar tunnels Lysholm score 95
(excellent)
FROM

Ogilvie-Harris and Khazim
(17)

Avulsion inferior pole Squash Sutures FU 6 wk (normal)
36 yo male
32 yo male Skiing Suture anchors FU 2 yr (normal)
OI types NA

Salcedo-Duenas et al. (18) Bilateral quadriceps tendon rupture Fall on knee Non-absorbable sutures and
transpatellar tunnels

FU 4 yr

28 yo male, Type I OI Lysholm score 95
(excellent)
FROM

Tamborlane et al. (19) Bilateral tibial tubercle avulsion Spontaneous fracture during 5mm partially threaded FU 38 mo
9 yo male, Type I OI running cannulated screw with washer FROM
FU, Follow up; IKDC, International Knee Documentation Committee; FROM, full range of motion; ROM, range of motion; NA, not available.
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(patella alta) and/or the deformity of the patella led to increased
stress distribution over the tendon-bone juncture and/or the bone.
The combination of a fresh fracture proximal to a pre-existing
non-union in the same bone is extremely rare. Despite the various
injuries and their complication, the patient kept his ambulatory
status with a functional range of motion of both knees.
Frontiers in Endocrinology | www.frontiersin.org 9
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