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Arthroscopic Reduction and Fixation of a Lesser
Trochanter Avulsion Nonunion
Alex G. Dukas, M.D., M.A., Taylor L. King, B.S., Temitope F. Adeyemi, M.P.H., and
Travis G. Maak, M.D.
Abstract: Identifying and treating avulsion fractures of the pelvis and proximal femur in adolescent athletes has become
increasingly more important as the rate of competitive sports participation has grown. The majority of these fractures can
be treated conservatively, with most returning to full activity. Surgical treatment of these injuries has been traditionally
indicated for >2 cm displacement, painful nonunion, symptomatic exostosis formation, or persistent pain and symptoms.
Lesser trochanter avulsion injuries are extremely rare and literature outlining their surgical treatment lacking. We present
our method of arthroscopic reduction and fixation of lesser trochanter avulsion nonunions.
s competitive sports participation increases in
Aadolescent athletes, it is essential that orthopaedic
surgeons identify and treat injuries about the pelvis and
proximal femur appropriately. In the skeletally imma-
ture, the tendinous insertions about the pelvis and
femur have a greater ability to resist tensile load than
the apophysis, resulting in an avulsion fracture at this
site when the tendinous insertion unit is overloaded by
forceful muscle contraction.1-4

Acute lesser trochanter avulsions are relatively rare
and typically treated with conservative measures con-
sisting of nonsteroidal anti-inflammatories, rest, and a
brief period of protected weight bearing, with gradual
return to sport.3 With this approach, the literature
supports that the majority of patients have good out-
comes and return to normal activity.5-11

However, there are reports of significant reduction in
their sporting ability, chronic cramps, grinding
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sensation, and hip stiffness.12,13 Conservative treatment
can result in sequelae such as nonunion, symptomatic
heterotopic ossification, impingement, or painful
pseudarthrosis.14 A recent meta-analysis reported that
complications of conservative management of pelvic
avulsion fractures in skeletally immature can occur in
17% of cases.15

Although the large majority of these patients can be
successfully treated conservatively, there are rare oc-
currences of painful pseudarthrosis and nonunion. In
these uncommon circumstances, open treatment has
significant associated morbidity. Arthroscopic tech-
niques have the benefit of less morbidity, faster recov-
ery, and greater patient satisfaction.16,17 We present our
technique for all-arthroscopic fixation of a symptomatic
lesser trochanter avulsion nonunion.

Presentation
In the acute setting, patients often report immediate

onset of anteromedial thigh and groin pain with
decreased function. As often with other pelvis apoph-
yseal avulsion fractures, the patient is often engaged in
a sporting activity such as gymnastics, football, or even
ballet, which involves running, jumping, or cutting and
results in a forceful and eccentric contraction to the
hip.2,6,18 They often are unable to continue in their
event or sport acutely. The condition is more common
in male athletes.8 Pain and disfunction often causes an
antalgic gait with ambulation.2 Systematic reviews have
shown the average age range is from 12 to 15 years and
differential diagnosis should include slipped capital
femoral epiphysis, Perthes disease, and acute hip septic
arthritis. Appropriate measures to rule out these
(December), 2019: pp e1525-e1531 e1525

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eats.2019.08.002&domain=pdf
mailto:travis.maak@hsc.utah.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eats.2019.08.002


Fig 1. Anteroposterior radiograph demonstrating left hip
lesser trochanter avulsion fracture.
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diagnoses should be taken as necessary, based on clin-
ical judgment.15

Acutely, findings of the physical examination will
demonstrate tenderness to palpation over the lesser
trochanter, groin pain with resisted hip flexion, and
pain with passive hip extension. There may be objective
weakness measured with hip flexion strength; howev-
er, it may be minimal.15

Imaging required is usually a standard series of
anteroposterior (AP) pelvis, hip, and lateral images. In
our office setting, the standard hip series includes AP
Fig 2. Injury magnetic resonance imaging T2 coronal
sequence demonstrating lesser tuberosity fragment displaced
superiorly.
pelvis, hip, modified Dunn lateral, and false profile.
Often, the avulsion is apparent mostly on the AP
radiograph (Fig 1). In patients who go on to having
chronic pain or concern for nonunion and are indicated
for possible surgical intervention, we prefer to obtain
advanced imaging. Magnetic resonance imaging of the
effected hip will provide a more detailed evaluation of
displacement and also will enable the physician eval-
uate the position and integrity of the associated iliop-
soas tendon (Fig 2). If there is a portion still attached to
the femur, this may have to be released intra-
operatively. Computed tomography is used to evaluate
the bony detail further. We find computed tomography
necessary to identify the extent of nonunion, and it is
helpful in the setting of concerning nonunion after
considerable nonoperative treatment.

Indications
Treatment for most lesser trochanter avulsion frac-

tures is largely supportive, with a period of rest and
activity modification and with a rehabilitation that fo-
cuses on maintaining range of motion and beginning
gentle strengthening at 2 to 3 months with the focus on
return to play after 3 months.
Surgical treatment can be considered in those who do

not respond to considerable treatment. In our practice,
we continue conservative management for at least
6 months before pursuing more advanced workup for
nonunion. Surgical consideration can be given to those
who continue to have considerable pain and disfunc-
tion for durations that exceed 6 months. Classic surgical
indications of these injuries have been traditionally
indicated for >2 cm displacement, painful nonunion,
symptomatic exostosis formation, or persistent pain and
symptoms.13,14,19,20 However, more recent literature
has retrospectively reviewed outcomes and have found
Fig 3. The patient is supine on a hip arthroscopy table
without traction. Three portals are useddcentral, proximal,
and distal. The central portal is the main viewing portal,
whereas the proximal and distal are working portals.



Fig 4. Left hip, patient in supine position. Viewing from the
central portal with a 70� arthroscope the first step is identifi-
cation of the psoas tendon and bony fragment (*). This is done
by using a full radius 5.0 shaver to resect the psoas bursa.
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that 2 cm of displacement may portend to a greater rate
of painful nonunion or pseud arthrosis.15,21

Technique
All work was performed at the University of Utah.

The patient is positioned supine on a hip arthroscopy
table with the foot in neutral rotation (Smith
Fig 5. Left hip, patient in supine position. Viewing from the
central portal. A radiofrequency ablator is introduced
through the distal portal and further used to dissect the
fibrous nonunion and undersurface of the lesser trochan-
teric fragment (*).
& Nephew, Andover, MA). Traction is not necessary;
however, it is our preference to use an arthroscopy
table, as it allows for full fluoroscopic evaluation of the
surgical field (Video 1).
The mid-axial reference line is delineated, and the

femoral neurovascular bundle is palpated to ensure the
location is medial to the mid-axial reference line. Three
portals are used: the central, proximal, and distal. The
proximal portal is located similar to a standard
mid-anterior portal (Portal 1 in Fig 3). The central and
distal portals are positioned 4 cm and 8 cm distal to the
proximal portal, respectively, all in parallel and 2 to 3 cm
lateral to the mid-axial line (Portal 2 and 3 in Fig 3).
Using fluoroscopic guidance, the proximal portal is

established using a spinal needle introduced and
directed to the lesser trochanter. The portal is estab-
lished using a blunt trochar using palpation and fluo-
roscopy to ensure placement in the correct position and
trajectory. The arthroscope is then introduced and the
lesser trochanter visualized. The central and distal
portal is then established using a spinal needle followed
by guidewire and blunt trochar under arthroscopic
visualization. The arthroscope is then switched to the
central portal, where it is maintained for the duration of
the procedure while the proximal and distal portals are
for instrumentation.
After establishment of all portals is confirmed, atten-

tion is turned to fully identifying the psoas tendon and
lesser tuberosity fragment. A radiofrequency ablation
wand and straight 5.0-mm dissecting shaver are used to
delineate and resect psoas bursa to improve
Fig 6. Central viewing portal, left hip, patient in supine po-
sition. An arthroscopic grasper is brought through the prox-
imal portal, testing the mobility of the fragment to be reduced
to the anatomic location. It should reduce down easily
without significant tension.



Fig 7. Central viewing portal, left hip, patient in supine po-
sition. A suture passer is used to place a luggage tag type
suture in the tendon of the psoas tendon immediately prox-
imal to the bony fragment. We find that two #2 high-strength
sutures are adequate.

Fig 9. Left hip, patient in supine position. Endoscopic view
from the central portal demonstrating placement of a suture
passer through bed of nonunion site. These sutures are a then
used to shuttle the previously placed psoas tendon sutures out
laterally to be tied over a button.
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visualization (Figs 4 and 5). Carefully proximal dissec-
tion is performed until the distal aspect of the avulsion
fragment is encountered.
The fragment and attached tendon are then further

mobilized to allow reduction to the lesser trochanter
without compromise of the tendinous attachment. An
arthroscopic grasper is used through the distal portal to
Fig 8. Central viewing portal, left hip, patient in supine po-
sition. An anterior cruciate ligament drill guide is placed
through the proximal portal and guide cannula introduced
through a stab incision laterally. Note the step design of the
cannula, which is able to be malleted into the drill hole. This
allows easy passage of a passing suture.
apply traction on the fragment and tendon to confirm
adequate release and anatomic positioning to the lesser
trochanter (Fig 6). A bone-cutting shaver was used to
decorticate the non-union, lightly on the fragment
while more aggressively on the lesser trochanter bed of
the proximal femur. Care should be taken to avoid
notching the surrounding cortex during debridement to
minimize future fracture risk.
Fig 10. Left hip, patient in supine position. Flouroscopic im-
age of final fixation construct and anatomic reduction of lesser
trochanter fragment.



Table 1. Classification of Avulsion Fractures of the Lesser
Trochanter in Adolescents

Type
Avulsion

Description
Treatment

Recommendation

Type 1 Non-displaced Nonoperative
Type 2 Displacement�2 cm Nonoperative
Type 3 Displacement >2 cm Nonoperative
Type 4 Symptomatic non-union

or painful exostosis
Surgical intervention

to be discussed
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A disposable cannula is placed into the proximal
portal (Trim-it Cannula; Arthrex Naples, FL) to allow
ease of suture placement. Next, a self-retrieving suture
passer (Scorpion; Arthrex) is used to pass two #2 high-
strength sutures (FiberWire and TigerWire; Arthrex) in
a luggage-tag configuration (Fig 7).
Focus is then directed n the creation of a transfemoral

tunnel for transosseous fixation. The aiming arm of an
anterior cruciate ligament femoral guide is introduced
through the proximal portal over a sled to the distal
aspect of the lesser trochanteric bed. A 3-cm incision
directly lateral to the femur is then made. The iliotibial
band is identified and longitudinally split with blunt
dissection of the underlying vastus lateralis to the
lateral cortex at a level directly lateral to the lesser
trochanter. The anterior cruciate ligament drill guide
sleeve is advanced to the lateral femoral cortex and a
2.4-mm drill advanced medially through the lateral
cortex and into the previously prepared bed of the
lesser trochanter under fluoroscopic and arthroscopic
visualization. We find it beneficial to use a cannula that
is designed to be malleted into the aforementioned drill
hole and stay in place. This allows easy ability to feed a
suture passer through the cannula without spending
time to find the previously place drill hole while
retracting soft tissues (Fig 8). The guide pin sleeve is
then gently malleted into the lateral femur to maintain
the tunnel position and facilitate suture passage while
the drill is removed (Arthrex).
A FiberStick (Arthrex) is then inserted through the

sleeve and retrieved arthroscopically through the
Table 2. Pearls and Pitfalls

Pearls
�Ensure to place portals far enough apart to allow to easier triangulation
�Take time to ensure fibrous tissue and bursa are fully resected, and defi

in assessment of reduction.
�Place a suture proximal to bony fragment in the Psoas tendon aides in c
�Use of an anterior cruciate ligament guide allows precise placement of t
�Use generous fluoroscopy during procedure to ensure fragment is reduc

proper position on lateral femoral cortex.
Pitfalls
�Avoid aggressive preparation of the lesser trochanter bed as overt notch

region may risk fracture.
�Avoid excessive pump pressures to curb extravasation into compartmen
�Allow partial or touch down weightbearing during initial 6 weeks as no
proximal portal (Fig 9). This is used to pass the previ-
ously placed psoas tendon sutures through the trans-
osseous tunnel to the lateral aspect of the femur. Once
retrieved, placing tension on these sutures allows
anatomic reduction of the fragment. Reduction is
confirmed with direct arthroscopic and fluoroscopic
visualization. The sutures are secured through a 4-hole
titanium button placed on the lateral aspect of the
femur (Fig 10). The iliotibial band incision and portal
incisions are then repaired and closed according to the
surgeon’s preference.

Rehabilitation
Following the procedure, follow-up occurs at 2, 6, 16,

24 weeks then 1 year postoperatively. Routine office
radiographs are obtained at 6, 16, 24 weeks and the
1-year mark. Radiographic union is usually observed
around the 16-week visit. Initially, patients are kept
toe-touch weight bearing with crutches for 6 weeks.
Formal physical therapy commences at 8 weeks. At the
3- to 4-month visit, patients are allowed to return to
play and perform strenuous activities to tolerance.

Discussion
Avulsion fractures of the lesser trochanter in the

skeletally immature are exceedingly rare, representing
<1% of hip injuries and 1.8% to 3% of all avulsion
injuries to the hip and pelvis.1,15,19,22 The mechanism of
the injury in this age group, similar to other avulsion
injuries, is result of forceful muscle contraction and
occurs more commonly in male patients.8

McKinney et al.3 presented a classification scheme for
acute avulsions of the lesser trochanter with treatment
recommendations of each type (Table 1). According to
their classification scheme, avulsions >2 cm are treated
with nonoperative therapy and only Type 4, symp-
tomatic nonunions, are considered for operative fixa-
tion. Other reports in the literature argue for fixation of
fragments >2 cm.21,23,24 This has been supported by
more recent studies showing that a displacement
greater than 20 mm increases nonunion by 26 times.25
.
ne bony edges of the lesser trochanteric fragment aides

ontrol of fragment.
he transfemoral drill hole.
ed in proper position as well as lateral suture button in

ing of the femoral cortex in the subtrochanteric

t and soft tissues.
n-weight bearing may place tension on the repair site.



Table 3. Advantages/Disadvantages

Advantages
�Arthroscopic fixation is minimally invasive and less morbid than traditional open procedures.
Disadvantages
�Technically demanding procedure.
�Potential risks include damage to major neurovascular structures, heterotopic bone formation,

loss of fixation, and persistence of symptoms.
�Arthroscopic lesser trochanter fixation is a procedure that is lacking long-term, evidence-based studies.

Therefore, there may be long-term complications that have not yet been determined.
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With the aforementioned condition being exceed-
ingly rare, it is understandable that there is a paucity of
literature with most articles describing case reports or
small case series.2,18,26 However, a recent systematic
review and meta-analysis by Eberbach et al. details the
largest collection of outcomes.15 Their review of 14
publications and analysis of 596 patients challenges the
treatment dogma for these injuries. Surprisingly, their
findings advocate for operative intervention with
decreased displacement threshold of 15 mm. They state
the overall success is greater in the operative group,
citing better function in high-demand activities and
greater rates of return to sport. They also report
complication rates of 17% in the conservative group
and 19% for the operative group. Our patient’s initial
displacement of 18.5 mm would be indicated for pri-
mary fixation according to their recommendations.
However, it could be argued the 15 mm they site is
based off of Ferlic et al.’s experience with ischial tu-
berosity fractures, and it may not be correct to extrap-
olate this to all other pelvic avulsion fractures such as
lesser trochanter fractures.21

Recently, Khemka et al.12 published their experience
with treating displaced lesser trochanter avulsions with
arthroscopically assisted fixation. Two of the patients
presented with acute injuries and one in the chronic
setting. All patients had displacement of >2 cm. Follow-
up ranged from 12 to 36 months, with all patients
demonstrating excellent healing, and the 2 acute pa-
tients were able to return to high-impact activities. One
patient did have transient anterior femoral cutaneous
nerve symptoms that resolved within 2 weeks of
procedure.
Although Khemka et al. did make an argument that

displaced avulsion fragments are concerning for non-
union, loss of strength secondary to muscle short-
ening, symptomatic malunion, or development of
ischiofemoral impingement, this is not commonly
found on review of the literature. In a recent retro-
spective study, Ruffing et al.8 looked at lesser
trochanter fractures in adolescents who presented to
their Level 1 Trauma center over a 6-year period and
found only 5 cases. All patients were treated conser-
vatively and returned to high-level sports without any
reported deficiencies. They did find that 1 patient had
objective weakness but no subjective deficit.
Although we are not arguing for more aggressive treat-
ment of lesser trochanteric avulsion fractures, there is a
rather high incidence of complications resulting from
nonoperative treatment of these fractures.15 Addressing
these complications surgically is not benign, and open
surgical treatment carries a significantmorbidity (Tables 2
and3).Arthroscopic techniquesaffordminimal soft-tissue
disruptionandmorbidity,all thewhileallowingthepatient
to recovery faster. We feel it is valuable that the treating
physicianbeawareoftreatmentstrategiesforsuchpatients
as we present an arthroscopic technique to successfully
treat a nonunion of lesser trochanter.
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