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Abstract

Anterior tibial spine fractures are rare and were thought
to occur mainly in children; however, recent literature
indicates that the incidence in adults is much greater
than previously thought. Because the tibial spine is
an attachment point for the anterior cruciate ligament
(ACL), an avulsion may produce ACL laxity, predispos-
ing to further issues.

We report the case of an 11-year-old boy with a tibial
spine fracture that failed conservative management.
He developed a malunion with impingement anteriorly
of the tibial spine on the notch and residual instability
of the ACL. In this report, we present a novel approach
for arthroscopic reduction of a tibial spine fracture us-
ing 8 resorbable poly-L-lactic/polyglycolic acid nails.

nterior tibial spine fractures are rare, occurring with
Aan incidence of 3 per 100,000 per year."* Historically,

this fracture has occurred more frequently in chil-
dren,** and was considered a condition of skeletal immaturity
and the pediatric equivalent of an anterior cruciate ligament
(ACL) rupture.® However, recent literature indicates that this
fracture is more common in the adult population than previ-
ously thought.” The tibial spine is an attachment point for the
ACL and an avulsion may produce ACL laxity,® predisposing to
further symptomatic laxity and premature
osteoarthritis. Nearly 40% of these fractures
are associated with concomitant injuries to
surrounding structures.’

Meyers and McKeever'®!! originally clas-
sified these fractures into 3 groups on the
basis of displacement. Type I fractures pres-
ent with no significant displacement of the
anterior margin, type II involve displace-
ment and are hinged, while type III have
complete displacement.'®!"! More recently,
a type IV fracture has been added, involv-
ing comminution of the displaced fragment.
Nondisplaced fractures are commonly treat-
ed with immobilization in varying degrees
of extension; this allows the femoral con-

10,11

dyles to compress and to reduce the fracture while arthroscopic
or open reduction is the preferred method for displaced frac-
tures of the tibial spine.>*#1°

We report the case of an 11-year-old boy with a tibial spine
fracture that failed conservative management. He developed
a subsequent malunion with impingement anteriorly of the
tibial spine on the notch, and residual instability of the ACL.
The patient’s parents provided written informed consent for
print and electronic publication of this case report.

Case Report

An 11-year-old Caucasian boy was referred to our office for
evaluation of right knee injury. He sustained the injury ap-
proximately 3 months earlier, and it was determined that he
had a tibial spine fracture. Conservative management with
immobilization in extension and activity modification was
undertaken; however, he was referred for further evaluation
because of healing in a malreduced position and residual ACL
laxity. Physical examination showed a grade 2A Lachman test
(contralateral limb with negative Lachman examination), neg-
ative McMurray test, and pain with forced hyperextension;
range-of-motion examination showed lack of the terminal
5° of extension. Magnetic resonance and computed tomogra-
phy imaging from an outside facility showed a skeletally im-
mature individual with a large tibial spine fracture that had
healed in a malunited position with the fragment extended
on a posterior hinge, creating a large prominence anteriorly
(Figures 1A, 1B). Magnetic resonance imaging showed that the

Figure 1. Initial injury radiographs: (A) anteroposterior; (B) lateral.
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ACL fibers were likely to remain intact but would lack appropri-
ate tension secondary to the displacement of the tibial insertion.

Because of healing in a displaced position, lack of ter-
minal extension, ACL laxity, and subjective complaints of
pain, we discussed surgery with the patient and his parents
(Figures 2A, 2B). Four months after the initial injury, the
patient underwent surgery for a right tibial spine malunion
arthroscopic takedown and repair, as well as an intraoperative
evaluation of the ACL. Standard arthroscopy was performed,
using anterolateral and anteromedial arthroscopic portals, and
an accessory medial peripatellar portal. During surgery, a large
prominence was noted in the region of the anterior tibial spine
(Figure 3A). The ACL fibers maintained a slack position sec-
ondary to the elevation of the tibial insertion point, and intra-
operative Lachman examination showed anterior translation
of the tibia on the femur as the slack was removed from the
ACL. During surgery, impingement of the anterior tibial spine
along the femoral notch was shown to be significant by taking
the knee into near-full extension (Figure 3B). A cam-like ef-
fect was noted at the time of impingement with the posterior
soft tissues relaxing to accommodate slight further extension.

Based on these findings, we chose to take down the mal-
united fracture and repair it (Figure 3C). PDS suture (Ethicon,
Somerville, New Jersey) was temporarily placed along the

Figure 2. Four-month postinjury radiographs, showing malunion:
(A) anteroposterior; (B) lateral.
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intermeniscal ligament and anterior horns of the medial and
lateral menisci, using a system of spinal needles to facilitate
suture passage. Surgical clamps were hung from the suture to
provide traction on the sutures throughout the case, allowing
the intermeniscal ligament and menisci to recede anteriorly to
improve working space and aid in preventing iatrogenic injury.
These sutures were removed at the conclusion of the case.
Using a combination of curettes, elevator, and small shaver,
we were able to meticulously remove interposed malunited
callus to allow for mobilization of the displaced fragment.
After removal of the excess bone formation, a typical donor
site was created, allowing the displaced spine fragment to be
hinged into appropriate alignment (Figure 3D). We were able
to maintain a posterior cortical hinge to facilitate this process.

Then, we placed Kirschner wires (K-wires) across the frac-
ture in an antegrade fashion, anterior to the trochlea and notch,
using an accessory medial peripatellar starting point percuta-
neously, under direct visualization to avoid iatrogenic chondral
injury. The tibial spine fragment was temporarily maintained
in a reduced position with an arthroscopic probe and pinned
in place with two 0.062-in K-wires. The fracture was stabi-
lized with 8 resorbable 1.6-mm poly-L-lactic/polyglycolic acid
(PLLA/PGA) nails, in varying lengths from 18 mm to 22 mm.
Excellent fixation was obtained, and range of motion was tested
from 0° to 80°, without movement of the fracture site (Figure
3E). Fluoroscopy with multi-axial views verified adequate fixa-
tion and reduction. Further, we examined and noted a taut
ACL after fixation. The patient was placed in a long leg cast for
3 weeks at 30°, based upon intraoperative determination of the
position of least tension on the fracture fragment.

At 3-week follow-up, the patient was progressing well and
transitioned from a long leg cast to a hinged knee brace, to al-
low for early range of motion. Radiographs showed appropriate
alignment of the tibial spine fracture with no significant loss
of fixation (Figures 4A, 4B). Physical therapy was initiated
between 0° and 30°, and flexion was progressively increased
over the course of the first 3 weeks. Active and active-assist,
closed-chain activities were maintained. Seven weeks postop-
eratively, the patient displayed continued clinical progression.
Radiographs showed interval healing with slight lucency over
the anterolateral aspect of the fracture fragment, likely related

to the early resorptive process of healing. Physical examina-
tion showed movement between 0°and 120°, stable Lachman
test, and stable anterior drawer. Crutches were discontinued

Figure 3. Arthroscopic imaging: (A) prominent anterior tibial eminence; (B) impingement; (C) fracture malunion takedown; (D) donor site;
(E) fixation.
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and hinged knee brace was converted to an ACL brace. By the
11th week, motion had increased to 140°, and radiographs
continued to show acceptable alignment and healing (Figures
5A, 5B). The patient was released to return to play as tolerated;
however, an ACL brace was recommended during his initial
return to provide additional support.

Discussion
In this report, we present an approach for arthroscopic re-
duction of a malunited tibial spine fracture using resorbable
PLLA/PGA nails. The number of polyglycolic nails employed is
individualized per case, dependent on the surface area and the
quality of the bone within the fractured fragment. Preoperative
templating allows for measurements from the fractured frag-
ment to the level of the proximal tibial physis. Based on these
measurements, nails are chosen to maximize fixation length
and avoid the physis. Despite studies that have examined the
effect of transphyseal K-wire pinning or drilling on subsequent
growth, there is no consensus about optimal technique. Ex-
periments in animal models indicate that drill injuries destroy-
ing less than 8% to 9% of the physis do not impact total bone
growth.'" Further, temporary crossing of the physeal plate
for internal fixation of dislocated joint injuries has not been
shown to result in bone bridging or growth disturbance.'"*

Each nail is 1.6 mm in diameter, leaving a small footprint.
The nails are used judiciously to provide effective stabilization
of the fragment and to maintain a cost-conscious approach. An
accessory superomedial peripatellar portal allows an appropri-
ate angle for nail placement. This portal allows access to all
regions of the fractured fragment, while an anteromedial and
anterolateral portal are used as working and camera portals,
respectively. Nails are placed to provide an axis perpendicular
to the fracture line to allow appropriate compression. By virtue
of the shape of the typical fragment in a tibial spine fracture,
the nails vary in insertion angle.

The occurrence of anterior tibial spine fractures is rare, and
while several techniques have been described to repair this
fracture, there remains a great deal of uncertainty regarding

the best course of treatment. A review of the literature finds
arthroscopic and open approaches, as well as techniques em-
ploying K-wire fixation, metal screw fixation, staple fixation,
absorbable fixation, and fixation with sutures passed through
the tibial tunnel.'**®

Avulsion fractures of the tibial eminence were treated with
open fixation until McLennan® first reported the benefits of
reduction with an arthroscope. Open reduction and internal
fixation provide the benefit of direct visualization,” while ar-
throscopic reduction offers decreased morbidity and an accel-
erated recovery of knee functions,® despite the fact that a higher
rate of range-of-motion deficits were seen in patients treated
arthroscopically.” We feel that with proper early rehabilitation
to achieve range of motion, the risk of this can be minimal.

Various arthroscopic approaches that improve the accuracy
of the reduction and decrease surgical invasiveness have been
described. Suture and screw fixation are among the most com-
mon methods, and both have resulted in positive outcomes.?***
Suture fixation of the tibial eminence is technically demanding
but offers secure fixation without the need for follow-up hard-
ware removal. Screw fixation results in secure fixation; however,
numerous hardware-related issues may necessitate removal.
Furthermore, in skeletally immature patients, screw fixation
may disturb the growth plate if it crosses an open physis.’

Hunter and Willis*® retrospectively reviewed patients with
tibial eminence fractures treated with either screw or suture
fixation and found a 44% reoperation rate in the screw-fixation
group. Removal was often recommended as a result of hard-
ware-related issues. There was a 13% reoperation rate in the
suture-fixation group, which resulted largely from stiffness.®
In a recent review, Gans and colleagues' reviewed 6 publica-
tions comparing screw and suture fixation of tibial eminence
fractures and found 82.4% of screw patients had laxity on both
the anterior drawer and Lachman tests, compared with 18.8%
in the suture-fixation group. This study also noted a slightly
higher rate of arthrofibrosis in patients treated with suture
fixation."” Biomechanical studies indicate that suture fixation
imparts greater strength under cyclic-loading conditions;*

Figure 4. Postoperative radiographs: (A) anteroposterior; (B)
lateral.
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Figure 5. Eleven-week postoperative radiographs: (A) anteroposte-
rior; (B) lateral.
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however, there does not appear to be a difference in ultimate
force required for fixation failure.”

Ultimately, both suture and screw fixation result in secure
methods of fixation; however, there are often greater issues
with screw fixation because of the persistent hardware. Metal
has been the most popular method for fracture fixation, and
while biodegradable materials have been alluring, adverse tis-
sue reactions have slowed implementation. However, these
implants have become increasingly sophisticated, thereby re-
ducing disadvantages.”® Previous biodegradable devices were
often composed of a single polymer, and many caused adverse
reactions by degrading too quickly or provided no real advan-
tages because they degraded too slowly.”” As the number of
polymers approved for internal use and surgical applications
continues to rise, so too will the benefits of employing this
technology. Furthermore, by including multiple polymers in
these implants, one is better able to control the degradation
rate, limiting the tissue response.

In this study, we employed PLLA/PGA nails. Studies of PGA
implants indicate this molecule degrades at a fast rate result-
ing in adverse tissue reactions. Adverse reactions in studies of
PLLA implants are less frequent because of their slower rate of
degradation.””*” Combining these monomers results in appro-
priate strength and a controlled degradation rate, reducing the
likelihood of adverse reactions. Furthermore, numerous stud-
ies have reported that inflammatory responses in children are
rare and mild in nature.*"** Absorbable implants have displayed
efficacy in numerous orthopedic settings**-*¢and are beneficial
in procedures that are not suitable for repeated surgeries, such
as reconstruction of the ACL.*” There is some concern about
the use of absorbable implants in synovial joints. Polyglycolic
acid use in synovial joints may cause foreign-body reactions
and may increase the risk of intra-articular dissemination of
polymeric debris;*® however, use of a multipolymer construct
decreases the likelihood of this occurrence.

Polyglycolic nails confer the advantage over nonresorbable
screw fixation because further procedure for hardware removal
is not required. Although suture fixation has proved to be ben-
eficial over nonresorbable screw fixation, implantation of re-
sorbable nails appears to have several advantages. In Dr. Estes’
experience, placement of resorbable screws through an acces-
sory superomedial portal is far less technically demanding than
placement of suture through the fracture fragment. Further, as
sutures are passed from the extra-articular to the intra-articular
region of the joint, capsular layers of the knee may inadvertently
be bound up in the fixation, predisposing to arthrofibrosis.

At the same time, biodegradable devices are often more
costly than alternative forms of treatment; however, a true cost-
to-benefit analysis requires consideration of other factors. One
of the benefits of biodegradable hardware is that there is no
need for follow-up hardware removal. Reports have indicated
that up to 91% of patients thought that hardware removal was
the most negative aspect of metal implants.*” It is estimated that
if the removal rate for metallic implants is higher than 19% to
54%, resorbable implants would be more cost-effective.** The
cost of sutures and screws is variable, however; they are invari-
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ably less expensive than biodegradable nails. A study of fracture
patients determined that biodegradable implants were cheaper
on average after considering the cost of implant removal.*’
Ultimately, the hardware choice depends on numerous factors,
including surgeon’s discretion; however, biodegradable hard-
ware should not be discounted for financial reasons because
the difference in cost is likely negligible.

Conclusion

The approach described in this report offers efficient and se-
cure fixation with resorbable hardware without a reduction
in range of motion. Resorbable implants may prove beneficial
in the treatment of tibial eminence fractures by offering ro-
bust fixation without the concerns associated with permanent
hardware.
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