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Background: Lesser trochanter avulsions are rare injuries in adolescents. Severe cases with relevant fragment displacement can
be treated surgically. However, no standard approach is available in the literature. Operative techniques are presently limited to
anterograde fixations. A new retrograde approach to reduce operative difficulty and postoperative morbidity has been proposed.
So far, no biomechanical comparison of these techniques is available.

Hypothesis: Retrograde repair of the lesser trochanter with a titanium cortical button will produce superior stability under load to
failure and similar displacement under cyclic loading compared with anterograde fixation with titanium suture anchors.

Study Design: Controlled laboratory study.

Methods: Sixteen paired hemipelvic cadaveric specimens (mean age, 62.5+ 10.7 years) were dissected to isolate the lesser trochanter
and iliopsoas muscle. After repair of a simulated lesser trochanter avulsion, specimens were tested under cyclic loading between 10
and 125 N at 1 Hz for 1500 cycles before finally being loaded to failure at a rate of 120 mm/min in a material testing machine. Motion
tracking was used to assess displacement at the superior and inferior aspects of the iliopsoas tendon under cyclic loading.

Results: Load to failure was significantly greater for the retrograde repair compared with the anterograde repair (1075.24 + 179.39
vs 321.85 + 62.45 N; P = .012). Mean displacement at the superior repair aspect (retrograde vs anterograde: 3.29 + 1.84 vs 4.39 +
4.50 mm; P = .779) and mean displacement at the inferior aspect (3.54 £ 2.13 vs 4.22 £ 4.48 mm; P = .779) of the iliopsoas tendon
did not significantly differ by the type of repair. Mode of failure was tendon tearing by the sutures for each retrograde repair and
anchor pullout for each anterograde repair.

Conclusion: Surgical repair of lesser trochanter avulsion fractures with retrograde fixation using a titanium cortical button demon-
strated superior load to failure and similar displacement under cyclic loading compared with anterograde fixation using suture anchors.

Clinical Relevance: The retrograde approach provides a biomechanically validated alternative to other surgical techniques for this
injury.
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Apophyseal avulsion fractures are rare injuries of the pel-
vis and the hip that usually occur in young athletes
between the ages of 14 and 25 years.'? Ossification of the
apophyses is not yet complete in the immature skeleton,
increasing susceptibility of the growth plates to
trauma.??° Adolescents are particularly vulnerable to
apophyseal avulsion injuries in sports involving abrupt,
forceful muscular contractions.®!2 The most common
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mechanisms of injury are running or sprinting (39%) and
kicking a ball (29%).%!

Avulsion injuries of the lesser trochanter constitute less
than 3% of pelvic and hip apophyseal avulsion fractures.?2°
Ball sports are the most common setting for lesser trochan-
ter avulsion fractures in adolescents.® Unfortunately, the
literature on this injury and patient population is limited to
only a few published case reports.®%1%15:17.25 Regardless of
the setting or mechanism of injury, lesser trochanter avul-
sion can produce significant morbidity. Severe pain, swell-
ing, local tenderness to palpation, limited hip flexion, and
disturbed gait and weightbearing are all symptoms of this
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injury and can inhibit daily function and return to compet-
itive sports.®10:12:13.15.17.20.25 My.agatment is almost always
nonoperative; to our knowledge, only 1 study has reported
on the long-term results of nonoperatively treated patients,
and that study included 5 patients.?°

While nonoperative treatment is preferred as the initial
treatment option in most cases, McKinney et al'? recom-
mended surgical intervention for symptomatic nonunions
and avulsions with a displacement greater than 2 cm. A
recent meta-analysis of 596 patients with apophyseal avul-
sion fractures of the pelvis and hip reported better outcomes
after surgical treatment in comparison with nonoperative
treatment.® Furthermore, the study showed a higher
return-to-sport rate and shorter interval before return to
play after surgical treatment.? Khemka et al® reported a
stable fixation and fast recovery with return to sports activ-
ities after surgical repair of the lesser trochanter in the ado-
lescent. These results suggest that surgical repair for severe
lesser trochanter avulsions may significantly improve
patient outcomes and the ability to return to sport after
injury. Despite a thorough review of the literature, we found
no clinical randomized trial comparing surgical and nonsur-
gical treatment for lesser trochanter avulsions.

Unfortunately, no standard for surgical treatment of
lesser trochanter avulsions has been established. Khemka
et al® described an arthroscopic approach in a case series of
3 patients. Otto et al'® recently developed a retrograde fixa-
tion technique with an adapted mini-open anterior approach
that showed excellent clinical results in 2 representative
cases. This adapted approach uses a modified Smith-
Peterson exposure in combination with a lateral incision
over the iliotibial tract to safely drill a transosseous canal
through the avulsion fragment. The lesser trochanter frag-
ment is reduced to its anatomic footprint and secured with a
titanium cortical button against the lateral femoral cortex.
Although the study by Otto et al was limited by a small
sample size and short follow-up, results for this technique
are promising.

The purpose of this study was to compare the biomechan-
ical properties of anterograde fixation through use of tita-
nium suture anchors with the novel retrograde fixation
using a titanium cortical button in lesser trochanter avul-
sion repair. Hapa et al® showed higher load to failure and
similar displacement for tibial eminence fracture fixations
when comparing a metal button construct versus suture
anchors. We expected comparable biomechanical effects for
retrograde lesser trochanter fixation and hypothesized that
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it will produce superior stability under load to failure as well
as similar fragment displacement under cyclic loading com-
pared with the anterograde technique.

METHODS

Sixteen paired hemipelvic cadaveric specimens (Science
Care) from 8 donors (age, 62.5 + 10.7 years; 5 females, 3
males) were obtained. This study was reviewed via Human
Research Determination Form by the institutional review
board (IRB) of the University of Connecticut, and it was
concluded that no IRB approval was required.

Specimens were placed supine, and the quadriceps,
adductors, and hamstrings were reflected so that the lesser
trochanter could be seen from the anteromedial aspect. The
iliopsoas tendon was identified, and blunt dissection was
performed to separate the musculotendinous unit from sur-
rounding connective tissue. The iliopsoas muscle was fol-
lowed superiorly past the inguinal ligament, where it was
dissected from its vertebral and pelvic origins. The femur
was then disarticulated from the acetabulum. All other soft
tissue was carefully removed from the femur to isolate the
insertion of the iliopsoas tendon into the lesser trochanter.
The femur was cut 10 cm distal to the lesser trochanter
with a handsaw and potted in 2-inch PVC with Bosworth
Duz-All self-curing acrylic cement (Harry J. Bosworth Co).
Dissected and potted specimens were stored in a freezer at
—20°C. Specimens were thawed 24 hours in advance of bio-
mechanical testing.

Bone mineral density at the lesser trochanter was evalu-
ated through use of DexaScan (XL Image Densitometer; GE/
Lunar Expert) before biomechanical testing. Complete avul-
sion injuries were produced by osteotomy of the lesser tro-
chanter at its base on the femur (Figure 1). Specimens were
randomized in matched pairs to be fixed with either tita-
nium suture anchors or Dog Bone cortical buttons (Arthrex).

Suture Anchor Technique

The suture anchor technique was based on the technique
published by Khemka et al.® Two 5.5 x 16.3—-mm Corkscrew
anchors preloaded with No. 2 FiberWire (Arthrex) sutures
were placed at the upper and lower margins of the lesser
trochanter bone bed at an angle of 120° to the femoral shaft
axis (Figure 2A). Two 2-mm canals were drilled with K-wire
of the corresponding size through the lesser trochanter
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Figure 1. (A) Osteotomy at the base of the lesser trochanter. (B) Simulated complete lesser trochanter avulsion with preserved

iliopsoas tendon.
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Figure 2. (A) Anterograde repair with 2 titanium suture anchors. (B) The tendon was augmented with a locking Krakow suture
pattern, allowing secure reduction of the lesser trochanter to its anatomic footprint.

fragment at the level of anchor placement. One suture end
of each anchor was used to stitch a locking Krakow suture
pattern 20 mm in length through the tendon of the iliopsoas
(Figure 2B). The avulsion fragment was then reduced to its
anatomic footprint by securely tying the stitching suture
limb of each anchor to its corresponding free suture limb
with 8 surgical knots.

Cortical Button Technique

The cortical button technique was applied as described
by Otto et al.'® A transosseous canal was created from the
lateral aspect of the femoral cortex with a 2.4-mm drill
(Figure 3A). An aiming device was used to ensure an angle

of 120° to the longitudinal femoral axis while drilling and to
ensure that the canal emerged from the center of the lesser
trochanter. The tendon was stitched with 2 units of 2-mm
FiberTape (Arthrex) in a locking Krakow suture pattern
20 mm in length. The tape ends were then shuttled through
the transosseous canal to the lateral side of the femur
(Figure 3B). The avulsion fragment was reduced to its ana-
tomic footprint and securely fixed with a Dog Bone button
serving as an abutment against the lateral femoral cortex.

Biomechanical Testing

The biomechanical methods were adapted from the test
setup published by Harvey et al.” Femurs were secured to
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Figure 3. (A) Retrograde repair with a transosseous canal. (B) The tendon was stitched with a locking Krakow suture pattern,
and the suture was secured with a cortical button as an abutment against the lateral femoral cortex.
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Figure 4. (A) The iliopsoas tendon was securely connected with a cryoclamp to the material testing system (MTS) machine.
(B) Optical tracking was performed with 4 markers.

the base of a material testing system machine (MTS 858
Mini-Bionix) with the iliopsoas tendon fibers in alignment
(Figure 4A). The proximal psoas major muscle was secured
at the myotendinous junction 3 cm from the end of the suture
through use of a cryoclamp attached to a vertical loading
actuator. Specimens were preloaded with 5 N and held for
5 seconds before being cyclically loaded from 10 N to 125 N at
1 Hz for 1500 cycles. Load to failure was performed after the
last cycle at a constant rate of 120 mm/min. Displacement
and force were measured at a resolution of 0.5 mm and 0.5 N.
Mode of failure and peak load were recorded.

Motion Analysis

Repair construct displacement was measured by optical
tracking with 4 markers as published by Harvey et al.” Two
markers were placed superiorly and inferiorly along the
breadth of the tendon 20 mm from the base of the lesser
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trochanter and proximal to the end of the Krakow suture
(Figure 4B). Control markers were placed on the femoral
cortex in corresponding superior and inferior positions
(Figure 4B). A Panasonic Lumix DMC-FZ300 digital cam-
era with Leica DC Vario-Elmarit lens was used for video
recording (Figure 4A). Specimen and scale were positioned
at the same distance to the camera for each test run. Digital
motion analysis was performed through use of Kinovea
(Version 0.8.27; http://www.kinovea.org) to generate verti-
cal position data from the cyclic loading recordings. Nor-
malized displacements were determined for the superior
and inferior markers by subtracting the displacement of the
control markers from their corresponding tendon markers.

Statistical Analysis

Power analysis was performed by use of the outcome para-
meters published by Harvey et al.” A minimum sample size
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Figure 5. Comparison of peak load at failure by repair tech-
nique. Data reported as means with SD (error bars). *Statisti-
cally significant difference.

of 8 specimens per group was determined to provide 92.2%
power to detect a 135-N difference in load to failure at an o of
.05. Biomechanical outcomes data were assessed for normal-
ity by evaluation of their distributions. Given continuous
variables and skewed distributions, the nonparametric Wil-
coxon signed-rank test was used to determine whether a
statistically significant difference in outcomes between
matched pairs existed. Correlation between continuous vari-
ables was assessed with Spearman rho. All statistical anal-
yses were performed with SPSS 25 (IBM).

RESULTS

Bone mineral density did not significantly differ between
the specimens repaired with titanium suture anchors (1.11
+ 0.30 g/lcm?) and specimens repaired with cortical button
(1.00 £ 0.22 g/em?; P = .263).

After 1500 cycles, the mean displacement at the superior
marker was 4.39 £ 4.50 mm for the titanium suture anchor
group and 3.29 + 1.84 mm for the cortical button group (P =
.779). The mean displacement of the inferior marker was
4.22 + 448 and 3.54 + 2.13 mm (P = .779), respectively.

The mean peak load at failure was 321.85 + 62.45 N for
the titanium suture anchor group and 1075.24 + 179.39 N
for the cortical button group (P = .012) (Figure 5). Mode of
failure was tendon tearing by the sutures for the retrograde
repair and anchor pullout for the anterograde repair.

The stiffness of the anterograde repair construct (69 + 23
N/mm) and the retrograde repair construct (59 + 10 N/mm)
did not significantly differ (P = .161).

Spearman rank correlation showed a significant nega-
tive association between bone mineral density and stiffness
for the anterograde repair construct (p = —-0.762; P = .028).
No other significant pairwise correlations were found
between bone mineral density, displacement, load to fail-
ure, or stiffness for either repair.

DISCUSSION

The most important finding of this study was that retro-
grade repair of lesser trochanter avulsions with a titanium
cortical button showed a significantly greater peak load at
failure compared with anterograde suture anchor repair.
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Furthermore, neither stiffness nor displacement signifi-
cantly differed between cohorts, indicating that both repair
constructs provided comparable resistance. These results
show that the retrograde cortical button repair technique
provides higher primary stability.

At present, no established threshold is available for dis-
placement in lesser trochanter avulsion repairs that would
indicate failure. Biomechanical studies of rotator cuff and
distal biceps repairs have set the threshold for failure
between 5 and 10 mm of displacement of the bone-tendon
unit. 182426 Although the different musculotendinous
complexes and surgical methods may confound direct com-
parisons, the mean displacement values for both repair
techniques in this study fall below the lower critical value
for rotator cuff and distal biceps repairs. Both repairs
showed displacements of the lesser trochanter fragment
less than the 20-mm threshold indicating operative treat-
ment.2 These observations suggest that the retrograde and
anterograde techniques provide adequate resistance to fail-
ure under cyclic loading conditions.

A correlation analysis showed a significant negative cor-
relation between bone mineral density and stiffness for the
anterograde repair construct. We interpret this correlation
as rather unlikely, since this suggests that higher bone
mineral density, which should enhance the engagement of
the suture anchor and bone, leads to a reduced stiffness of
the overall repair construct. Given that no other correla-
tions between bone mineral density, displacement, load to
failure, or stiffness for either repair were present, this neg-
ative correlation was regarded as not clinically relevant.

Otto et al'® reported the clinical results of this technique
in a case series including 2 young male patients. The first
patient, evaluated 13 months after surgery, had a Harris
Hip Score (HHS) of 96 and a Hip disability and Osteoarthri-
tis Outcome Score (HOOS) of 99.4. The second patient, eval-
uated 6 months after surgery, had an HHS of 100 and
HOOS of 95.0. No significant complications were reported
for either patient. These findings were limited by a small
sample size and short-term follow-up.

The majority of pelvic and hip apophyseal avulsion
fractures are managed nonoperatively.3*10:12,14,20-23
However, surgical management for apophyseal avulsion
injuries may be indicated for fragments displaced more
than 2 c¢m, painful nonunion, inability to return to
sports, and exostosis formation.'>1%2%22 Excellent
results have been reported for surgical intervention of
pelvic apophyseal avulsion fractures compared with non-
operative treatment.®>?3 Khemka et al® published the
results of their case series using an arthroscopic tech-
nique with a medial portal. After a mean follow-up of
16 months, all 3 patients demonstrated radiographic evi-
dence of recovery. Range of motion and level of activity
returned to baseline, with transient medial numbness
being reported for 1 patient. These results are encourag-
ing, but this technique is very demanding given the
proximity of critical neurovascular structures, which
increases the risk of postoperative sequelae.

This is the first biomechanical study to compare different
techniques for lesser trochanter avulsion repair. A vali-
dated biomechanical setup was adapted to measure the
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properties of retrograde and anterograde repair
techniques.” The Kinovea software that was used for
motion tracking analysis has also been shown to be highly
reliable.’ However, several limitations should be kept in
mind. The use of cadaveric specimens precludes any assess-
ment of the biological effects of healing and the physiolog-
ical effects of loading on the repair site. Nevertheless,
specimens were pairwise randomized, and no significant
difference was noted between bone mineral density
between groups. Despite similar group features, the cur-
rent results might be limited by the specimens’ age and
bone mineral density, as higher failure loads are assumed
in adolescent patients because of expected higher bone min-
eral density. However, the bone mineral density of the spe-
cimens tested in the current study lies within the range of
intertrochanteric bone mineral density (0.9-1.1 g/cm?) of
adolescent males and females between the ages of 12 and
18 years.'! Consequently, the biomechanical testing has
been performed on representative specimens, and the dif-
ference between specimens’ and patients’ ages might be
negligible. Biomechanical measurements may have been
influenced by specimen slippage during testing, but this
is unlikely given the experimental setup (eg, cryoclamps)
and the use of optical motion analysis to normalize dis-
placement values. Finally, although No. 2 FiberWire was
used in the anterograde repair and 2-mm FiberTape was
used in the retrograde repair, this difference is not likely to
have influenced our results. An in vitro animal study by
Bisson and Manohar! demonstrated no difference between
No. 2 FiberWire suture and 2-mm FiberWire tape in elon-
gation or stiffness. Despite these limitations, the current
biomechanical results and the clinical results of Otto
et al'® suggest that retrograde fixation is a safe and biome-
chanically superior treatment for lesser trochanter avul-
sion. Further randomized clinical studies are needed to
support these results.

CONCLUSION

The surgical repair of lesser trochanter avulsion fractures
with a retrograde fixation technique demonstrated superior
load to failure compared with an anterograde fixation tech-
nique. The retrograde approach provides a biomechanically
validated alternative to other surgical techniques for this
injury.
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