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Abstract

Background: Avulsion injuries of the lesser trochanter apophysis are relatively uncommon injuries and there
have been no peer-reviewed case series dedicated to the evaluation and treatment of this injury. The
purpose of this study is to characterize avulsion injuries of the lesser trochanter apophysis, review treatment
protocols, and time to return to sport.

Methods: We reviewed 30 confirmed avulsion fractures of the lesser trochanter. Clinical data were reviewed
to evaluate treatment protocols, duration, and time to return to sport. Radiographs were reviewed to confirm
lesser trochanter avulsion and fracture displacement.

Results: There were 26 males and 4 females, with the average age at the time of injury being 14.2 years.
Treatment modalities consisted of protective weight-bearing, discontinuation of the patient’s sport in all
cases, and formal physical therapy in 18 cases. The average treatment duration was 30.7 days. The mean
follow-up time was 102 days. The radiographic assessment demonstrated an average fracture displacement
of 5.1 mm. The average return to sport was 11 weeks.

Conclusion: This is the first large case series studying avulsion injuries of the lesser trochanter. We have
shown that these athletes can be managed non-surgically and can successfully return back to sport within
three months.

Categories: Pediatrics, Orthopedics
Keywords: pelvic avulsion injuries, lesser trochanter avulsion injuries, pediatric orthopaedics, pediatric sports
medicine, adolescent sports injuries

Introduction

Pelvic avulsion injuries are well described in the literature, and athletic injuries to the hip and groin can
comprise up to 1 in 10 patient visits to sports medicine clinics [1-6]. Six common sites of pelvic avulsion
injuries have been described with injuries to the ischial tuberosity, anterior inferior, and superior iliac spines
occurring most commonly [2]. Avulsion injuries of the lesser trochanter apophysis are relatively uncommon
but predominantly occur in adolescent male athletes [1,2,6-9]. It has been reported in the literature that
isolated lesser trochanter avulsion fractures account for less than 1% of a sports medicine physician’s
practice [8,10].

Avulsion fractures of the lesser trochanter occur typically during sport due to strong muscle contraction of
the iliopsoas on an apophysis with an open growth plate. The cartilaginous growth plate may be at increased
risk of trauma compared to the musculotendinous units [2,7,11]. The primary mechanism of acute injury is a
sudden forceful eccentric contraction of the iliopsoas in an attempt to accelerate or decelerate the body,
typically occurring during athletic activity [12]. An alternative mechanism of injury is a sudden excessive
passive muscle stretching [7].

Given the relatively rare occurrence of this injury, there are a limited number of case studies describing this
topic, and treatment methods and outcomes have been varied in the reported literature [7-10,13-15].
Historically, pelvic avulsion fractures have been treated nonoperatively most commonly with analgesics and
physical rehabilitation [13,16]. However, some controversy exists whether operative treatment is beneficial
in these types of injuries, either as primary treatment or secondary treatment after failed conservative
management [17-19].

There are limited reports in the literature regarding sport-specific outcomes in lesser trochanter avulsion
fractures. As we see more adolescents playing highly competitive sports, early and correct diagnosis is
pivotal for a successful return to sports. The purpose of this study is to characterize avulsion injuries of the
lesser trochanter apophysis, review treatment protocols, and correlate with a time to return to sport. We
hypothesized that patients with lesser trochanter avulsion fractures can be treated with conservative
management with a successful return to sport and function.
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Materials And Methods

A retrospective review was performed at a Level 1 Pediatric Trauma Center between 2007 and 2017.
Institutional Review Board approval was obtained to conduct this retrospective review, and a database
search within the electronic medical record was performed using keywords “lesser trochanter” and “avulsion
injury.” Using these criteria, the search returned 138 patients between ages 2 and 18. Following a further
review of radiographs and clinical documentation, 30 confirmed acute avulsion fractures of the lesser
trochanter were included in this case series. Chronic or non-athletic injuries were excluded. Clinical data
were reviewed retrospectively to determine demographic data, sport involved, weight-bearing status,
therapy protocol, duration of treatment, and time to return to sport. Return to the sport was defined as
when the patient returned to practice or gameplay without limitation or disability. Radiographs of all
patients were reviewed. The amount of fracture displacement was measured on the AP pelvis and/or hip
radiograph used to determine the type of avulsion fracture, and evaluate for concomitant injuries. Avulsion
fractures were classified as type 1 if non-displaced, type 2 if there was a displacement of less than or equal to
2 cm, type 3 if displacement was greater than 2 cm, and type 4 if there was a symptomatic nonunion or
painful exostosis [1,20]. A Pearson’s product-moment correlation coefficient was computed to assess the
relationship between the following variables: BMI, age, weight-bearing status, sport involved, duration of
treatment, radiologic displacement, and return to sport time were all statistically analyzed for correlation.

Results

During the study period, avulsion fractures of the lesser trochanter were found in 30 patients (26 male, 4
female). The average age at the time of injury was 14.2 years (range: 7.7-17.5 years) with an average body
mass index (BMI) of 21.1 (range: 16.9- 29.7). The mean follow-up time was 102 days. The injuries were
traumatic and sustained during sports in all 30 patients. The sports patients were involved in prior to the
injury included hockey, soccer, basketball, baseball, track and field, football, and cheerleading (Table 7).
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TABLE 1: Summary of data

Adolescents with acute avulsion fracture of the lesser trochanter.
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WBAT: weight-bearing as tolerated, PWB: partial weight-bearing, TTWB: toe-touch weight-bearing, NWB: non-weight bearing, PT: physical therapy.
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All cases were treated with nonoperative treatment modalities, consisting of discontinuation of the patient’s

sport in all cases and formal physical therapy in 18 (60%) cases. Weight-bearing status at the initial time of
treatment included weight-bearing as tolerated (WBAT) in 17 cases (57%), partial weight bearing (PWB) in 9
cases (30%), toe-touch weight-bearing (TTWB) in 2 cases (6.67%), and non-weight-bearing (NWB) in 2 cases
(6.67%). The average treatment duration was 30.7 days (range 21-60 days). Radiographic assessment
(Figures I and 2) demonstrated an average fracture displacement of 5.1 mm (range 0-17 mm).

FIGURE 1: Anteroposterior pelvis radiograph of the patient with a
significantly displaced avulsion fracture of a left lesser trochanter
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https://assets.cureus.com/uploads/figure/file/212292/lightbox_27154fc0a90911eb8af7451cb8eda3db-Figure-1--LT.png

Cureus

FIGURE 2: Frog-lateral radiograph demonstrating displaced avulsion
fracture of the lesser trochanter

All 30 athletes returned to their sport (100%), with the average time to return to the sport being 78.3 days
(2.5 months, range). Throughout the follow-up period, there were no diagnoses of a delayed union based on
the radiographic review (Figure 3).

FIGURE 3: Anteroposterior pelvis radiograph of the left hip at the time
of initial lesser trochanter avulsion fracture diagnosis (left) and at six-
week follow up after conservative treatment with activity modification
for four weeks and weight-bearing as tolerated (right)

Of note, there was a statistically significant positive correlation between displacement and patient age
(r=0.405, n=30, p=0.026). All other correlations between variables were found to be non-significant (Table 2).
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1 2 3 4 5 6
1. Age at Injury o
2. Return to sport time 0.092 -
3. BMI 0.643 0.834 ---
4. Displacement 0.026* 0.161 0.471 ---
5. Sport of participation 0.073 0.704 0.97 0.275 -—--
6. Duration WBS 0.584 0.742 0.16 0.069 0.160 -
7. WBS 0.485 0.427 0.566 0.535 0.321 0.056

TABLE 2: Summary of correlation analysis

Correlations between avulsion size, age, BMI, and four functional variables.
*P-values <0.05 were considered significant.

WBS: work breakdown structure.

Discussion

This is the largest case series of avulsion injuries of the lesser trochanter. Given the relatively rare
occurrence of this injury, there are a limited number of case studies describing this topic, and treatment
methods and outcomes have been varied in the reported literature (Table 3) [7-10,14,15].
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Number of
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Study
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al. [20]
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al. [17]
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et al. [15]
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Obi et al. injuries on
[22] separate
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i injuries
McMillan et i
following
al. [23]
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seizures)

TABLE 3: Summary of case reports on lesser trochanter avulsion fractures
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(1.2,
5.3,
8.8)

15

15

16

Operative/non-
operative treatment

Non-operative, average
treatment duration of
four weeks (3-8.5
weeks)

Non-operative

Arthroscopically
assisted fixation (K wire
(three cases),
cancellous screw (two
cases), 5.5 mm suture
anchor utilized in each
case (one case),
followed by WBAT x
four weeks followed by

PT).

Non-operative (NWB
with crutches, analgesic,
a gradual return to
activity at six weeks)

Open reduction/fixation
(wire), followed by six
weeks NWB in a spica
cast

Non-operative (one was
treated with hip spica,
two with bed rest and
crutches)

Non-operative, period of
non-weight bearing and
PT

Non-operative
(analgesia, WBAT with
crutches with full
weight-bearing at six
weeks. Sport restricted
for three months)

Non-operative (rest,
analgesia, WBAT, PT)

Avulsion
description

5.1 mm (0-17 mm)

Types 2 and 3

All >2 cm, edema
around the lesser
trochanter with a
capsular injury and
partial tear of the
iliopsoas. No
heterotrophic
ossification around

the fragment.

Not reported

Not reported

Not reported

Not reported

Not reported

Not reported

Outcome

Full recovery

HHS score of 100, average
4.9-year follow up

Full recovery

Full recovery

Full recovery, full bony

union at two-year follow-up

Full recovery in all cases.
Case 3 injured lateral thigh

three years after a fracture,
radiographs showed fibrous

union with the lesser
trochanter prox. Cases 1

and 2 were asymptomatic at

seven and nine-year follow
up.

Full recovery

Full recovery, asymptomatic

within six weeks. Bilateral
solid bony union at six-
month follow-up.

Full recovery of both hips
(seen at 12 months post-

injury). No pain or functional

defect.

Return to
sport

Yes
(30/30), the
average
time to
return 11
weeks
(range 4-
26.5
weeks)

Yes (5/5)

Allowed to
return 10-
12 weeks
post-op.
Patients
with acute
injuries
returned to
impact
activity.

Not
reported

Yes

Yes (3/3)

Yes

Yes, three

months

Complications

None

None

One case of
numbness on the
medial side of
the knee (anterior
femoral
cutaneous nerve
of the thigh),
resolved two
weeks after
surgery

None reported

None reported

None

None

None

None
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All patients were successfully managed nonoperatively with no additional sequelae or treatments. All 30
patients involved in sports returned to the sport after non-operative treatment for approximately one
month, resulting in an average return to sport in less than three months. Ruffing et al. recently published a
case series of successful non-operative treatment of lesser trochanter avulsion injuries that resulted in a
100% return to sport rate. However this study had a sample size of 5, so the potential application of these
findings is limited [20]. Eberbach et al. published a systematic review of operative versus nonoperative
management in all apophyseal avulsion fractures of the pelvis [24]. Of the 596 patients included,
approximately 10 (1.8%) had lesser trochanter avulsion fractures. Although the injury locations were not
specified in the treatment intervention, the authors reported that patients had better overall outcome scores
following surgical intervention, especially in those patients with fracture displacement greater than 15 mm.
They also noted similar complication rates between the two groups, however, this was generalized between
all pelvic avulsion injuries [11,24-26].

Metzmaker and Pappas published the first large series of general pelvic avulsion injuries treated
nonoperatively in a specific five-phase rehabilitation protocol, lasting 60 days minimum [7]. Only three
patients of the 27 had lesser trochanter avulsion injuries. Twenty-four of the 27 (88%) had a full return to
sport. One of those patients had a lesser trochanter avulsion re-injury for returning to sport too early and
had a delayed return to full activity. Eberbach et al. argued this treatment protocol of at least 60 days was
too long a period of convalescence and would adversely disrupt regular training and fitness in young
athletes. However, a return to sport too early can lead to re-injury of a lesser trochanter avulsion and overall
delayed recovery as shown by Metzmaker and Pappas [7,24].

The results that are shown by Metzmaker and Pappas coincide with our retrospective review in which all
patients returned to sports at an average of 78 days after nonoperative treatment in a specific rehabilitation
protocol. However, in the present study, over half of the patients were allowed to be weight-bearing as
tolerated at the initiation of treatment. In addition, formal physical therapy was only prescribed in 18 of 30
cases.

There are also reports in the literature regarding operative indications for pelvic avulsion injuries and
guarded results in nonoperative treatment [2,8,10,17]. Although there are limited publications regarding the
operative treatment of lesser trochanter avulsion injuries, Khemka et al. reported a case series of
arthroscopically-assisted open reduction internal fixation of lesser trochanter avulsion injuries with
cannulated screws in three patients with no complications [17]. Reported indications in the literature for
surgical intervention of adolescent avulsion fractures include displacement of >2 cm, painful nonunion,
exostosis, and inability to return to sport [17,27-32]. The concerns addressed by Khemka et al. regarding
displaced lesser trochanter avulsion fractures were non-union and loss of strength secondary to muscle
shortening. In their series of three patients, all of the patients had lesser trochanter avulsion fractures
greater than 2 cm. In addition to the concerns listed above, Khemka et al. additionally noted ischiofemoral
impingement (IFI) as a potential consideration when treating lesser trochanter avulsion fractures
conservatively. IFI was first described in 1977 by Johnson, noting impingement symptoms when the distance
between the lesser trochanter and ischium decreased, from a displaced fracture [17,33-35]. Khemka expanded
on this by reporting the incidence of IFI may increase in lesser trochanter avulsion fractures displaced
greater than 2 cm and with associated heterotopic ossification [17]. However, this article did not address the
potentially greater risk of IFI that screw fixation can create by decreasing the size of the lesser trochanteric-
ischial space. This potential risk should be seriously considered and addressed when discussing treatment
options with patients and their families. Surgical intervention may also increase the risk of heterotopic
ossification, as reported following both open and arthroscopic hip procedures, further increasing the risk of
IFI [36-38].

However, Khemka et al. concluded that arthroscopically assisted fixation of displaced lesser trochanter
fractures helps to minimize chances of non-union, loss of muscle strength, and potentially IFT [17].
Moreover, this study did not define what a “chronic” versus “acute” lesser trochanter avulsion fracture was
defined as, and it does not appear that any healing time was allowed prior to moving forward with the
surgical intervention. In the literature, lesser avulsion fractures have been grouped into the classification
system used for all other avulsion fractures [1]. Reports of nonunion due to ischial tuberosity fractures
leading to IFI have been published and used as an indication for surgical intervention [39]. However, to the
best of our knowledge, there have not been any reports of non-unions in lesser trochanter avulsions in the
literature or within the limited follow-up of our own case series. Therefore, performing surgery in order to
prevent nonunion fractures as they describe does not appear to be a valid indication for surgery moving
forward.

Regarding return to sport, their results are very similar to our study. Their three patients underwent a post-
operative protocol of weight-bearing as tolerated with crutches for four weeks, with a return to sport at 10-
12 weeks. This parallels our study showing 30 patients, treated conservatively for approximately four weeks
and an average return to sport at 11 weeks. The key takeaway from the results of our study is that equivalent
time to return to normal function and sport can be achieved using conservative treatment, therefore,
avoiding the surgical risks and economic burden related to undergoing a procedure.

This study has several limitations. First, it is retrospective in nature. A prospective, randomized trial would
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yield the most precise analysis of treatment protocols; however, this may be difficult given the relatively
uncommon nature of this injury. Second, only certain aspects of treatment were able to be analyzed, for
example, duration of treatment and time of return to sport. We were unable to procure data such as hip
range of motion, strength testing, or functional and sports-specific outcome scores. This was likely due to
the retrospective nature of the study, and the variety of providers that the patients in this study were treated
by. Pediatric orthopedic surgeons, pediatric sports medicine orthopedists, primary care sports medicine
physicians, and general pediatricians all treated the patients included in this study, hence, the differing
weight-bearing status and rehabilitation protocols.

Additional future directions include investigating the potential long-term effects of this injury, such as the
development of IFI, as well as looking at potential predisposing factors of avulsion fractures such as lesser
trochanter version. Schroder et al. have shown the lesser trochanter version to have a moderate correlation
with the femoral version, supporting the finding that patients with increased femoral neck version are at
higher risk for extra-articular impingement at the lesser trochanter and ischial tuberosity [40,41].

In summary, this retrospective case series demonstrates one of the largest cohorts of adolescent patients
sustaining avulsion fractures of the lesser trochanter, with full return to sport in under three months’ time
after undergoing nonoperative management. This study highlights that most patients were allowed to
weight-bear as tolerated, and formal physical therapy was only required in eighteen of thirty patients. These
data show that adolescent patients sustaining avulsion injuries of the lesser trochanter can reliably return to
sport without surgical intervention, be allowed to weight bear as tolerated, and do not necessarily need
formal physical therapy. Although this retrospective study demonstrates excellent results with non-
operative management, prospective, randomized studies and assessment of functional and sports-specific
outcome scores would further guide treatment strategies.

Conclusions

Lesser trochanter avulsion injuries in adolescent athletes can be treated conservatively with an average
return to normal function and sports time of less than three months. This is the first large case series
studying avulsion injuries of the lesser trochanter. We have shown that these athletes can be managed non-
surgically and can successfully return back to sport within three months.
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