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Abstract

Background and Purpose: Adolescent soccer players are often prone to low back 
pain and one source of low back pain incurred by adolescents is Schmorl’s nodes, or end-
plate disc herniations. Patients with low back pain due to Schmorl’s nodes are often given 
home exercise programs to manage their symptoms and increase their core stability. The 
purpose of this case report is to describe the treatment and outcome for a young athlete 
with Schmorl’s nodes causing low back pain and lower extremity weakness. 

Case Description: A 12 year-old female soccer player with a history of low back 
pain was referred to physical therapy with a diagnosis of Schmorl’s nodes. Following 8 
weeks of physical therapy, the patient was then discharged to a home exercise program. 
The patient underwent a 7-week home exercise program involving core strengthening 
exercises designed to decrease her low back pain and help her return to playing soccer 
with one-hundred percent effort.

Outcomes: The patient completed her 7-week home exercise program. Following 
intervention, the patient demonstrated improvements in lower extremity and core strength 
as well as improvements in athletic performance. The intervention did not result in 
significant changes in the patient’s low back pain. 

Discussion: Home exercise programs are effective in the management of low back pain 
in young athletes. However, the effectiveness of a home exercise program for adolescent 
athletes with Schmorl’s nodes is not well established. The home exercise program in this 
case was effective in increasing the patient’s strength, but not at decreasing the patient’s 
pain. More research is needed to determine the best physical therapy treatment and 
optimal home exercise program for adolescents with Schmorl’s nodes. 

unable to keep pace with the rate of bone growth, causing muscle 
imbalances and decreased spinal stability [2]. Articular cartilage 
and secondary ossification centers in the skeleton are particularly 
vulnerable to injury in young athletes because they have a decreased 
ability to transfer and absorb imposed forces [2]. Additional risk 
factors for LBP among young athletes include abdominal weakness, 
hamstring tightness, increased femoral anteversion, genu recurvatum, 
and increased thoracic kypohsis, which all increase lumbar lordosis 
and place increased stress on the lumbar spine [2]. LBP can affect 
participation among adolescents and has been shown to decrease 
quality of life, increase use of medications, and contribute to absence 
from school [3].

Approximately 10% of chronic lumbar spine injuries are of 
discogenic origin [4]. During the development of the spine, the 
nucleus pulposus is relatively more hydrophilic than that of an adult 
and distributes forces more centrally [5]. In periods of rapid growth, 
the vertebral body grows at its ossification site in the vertebral end 
plate. This end plate is composed of hyaline cartilage, lies just adjacent 
to the nucleus pulposus, and is often very weak. Thus, the combination 
of a centrally distributed force of the nucleus pulposus with the weak 
vertebral end plate often results in endplate disc herniations, or 

Introduction 
Soccer is one of the most popular sports among adolescent 

females [1]. Studies have shown that younger adolescent female 
soccer players (less than age 15) are at higher risk for injury than older 
adolescents (ages 15-19) [1]. A majority of soccer-related injuries 
among adolescent females are traumatic in origin, such as ankle 
sprains, anterior-cruciate ligament sprains, and muscle strains [1,2]. 
Over-use injuries among adolescent female soccer players include 
strains, tendinopathies, stress fractures, and low back pain [1,2].

Low back pain (LBP) is a common musculoskeletal condition in 
young athletes that should be taken seriously [2,3]. Low back pain 
is estimated to occur among 10% to 15% of young athletes [3]. It is 
often associated with sports that involve repetitive lumbar extension, 
flexion, and rotation, such as gymnastics, dance, and soccer. The 
most common source of LBP among young athletes are pars 
interatraticularis injuries, such as spondylolysis or spondylolisthesis, 
which occur in approximately 47% of young athletes with LBP [2]. 
Other causes of LBP include disc-related pathologies (11%) and 
strains [2]. Adolescents are at greater risk for back injury because, 
during periods of rapid grown, muscles and ligaments are often 
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Schmorl’s nodes [5]. Endplate disc herniations most often occur at 
the lumbothoracic junction. Patients with endplate disc herniations 
most often present with a sudden onset of acute LBP that is centrally 
located [4]. Further strain on the disc can cause inflammation, which 
may irritate the posterior longitudinal ligament, chemosensative 
nerve endings, and dura mater. However, nerve root involvement is 
rare in patients with Schmorl’s nodes because the herniation is more 
centrally located. Pain is increased with prolonged sitting, coughing, 
and sneezing; it is often relieved by changing positions and by sleeping 
on one’s side [4]. 

Typical treatment for Schmorl’s nodes includes physical 
therapy and oral non-steroidal anti-inflammatories [2]. Physical 
therapy should include dynamic strengthening and core stability 
exercises. However, few studies have described the physical therapy 
management of LBP in young athletes with Schmorl’s nodes. The 
purpose of this case report is to describe the treatment for a young 
athlete with Schmorl’s nodes causing LBP and lower extremity (LE) 
weakness. 

Case Description 
Patient history 

The patient was a 12-year-old female soccer player with a history 
of insidious thoracic and lumbar back pain that began 18 months prior 
to her initial physical therapy evaluation. At that time, the patient was 
seen by her primary care physician and referred to a specialist. She 
then received radiographs, magnetic resonance imaging, and a bone 
scan of the lumbar and thoracic spine. Testing revealed the presence 
of Schmorl’s nodes in the lumbar region. After medical diagnoses, 
the patient received physical therapy at another location to address 
her back pain. She discontinued physical therapy after one month 
secondary to improvement in symptoms. Sixteen months later the 
patient was referred back to physical therapy secondary to an increase 
in symptoms in her lumbar spine. 

Upon initial evaluation at her second round of physical therapy, 
the patient reported pain in her lower back that was greatest with 
prolonged sitting, transitioning from sitting to standing, running, and 
playing soccer. She described her pain as dull and achy with sitting 
and occasionally sharp with transitioning from sitting to standing 
and with running. She reported taking ibuprofen and acetaminophen 
as well as using heat on her back, as needed, to manage her pain. The 
patient’s past medical history was significant for headaches, asthma, 
and a tibial fracture. Aside from the above history, the review of 
systems was noncontributory for the cardiovascular, pulmonary, 
gastrointestinal, genitourinary, and endocrine systems. 

Upon initial examination, the patient presented with kyphotic 
thoracic posture, forward head positioning, anterior pelvic tilt, 
increased tone and tenderness of the bilateral thoracolumbar 
parspinals, decreased lumbar multifidus tone, hypermobility of 
thoracic (T) 11/12 vertebrae into extension, hypomobility of T10/
T11 vertebrae into extension, decreased bilateral scapulohumeral 
rhythm, fair bilateral LE balance, decreased bilateral LE strength, 
and decreased active lumbar range of motion. The patient’s goals for 
physical therapy were to have decreased LBP with prolonged sitting 

and with playing soccer. The patient was cleared by her primary care 
physician to play soccer while wearing a soft back brace. 

The patient received physical therapy at this clinic for the next 
8 weeks. Physical therapy included patient education, balance and 
proprioception activities, posture and body mechanics training, 
strengthening, stretching, joint mobilization, core stability exercises 
soft-tissue mobilization, cold modalities, and electrical stimulation 
of the lumbar paraspinals. The patient frequently demonstrated 
improper form and decreased core stability while performing 
exercises; consequently, the patient required consistent supervision 
and verbal and tactile cueing during treatment. 

After 8 weeks of physical therapy, the patient reported significant 
improvements in her subjective complaints and her doctor discharged 
her from physical therapy despite the therapist’s recommendation to 
continue. Although the patient was being discharged, she continued 
to present with decreased LE and core strength which was limiting 
her ability to play soccer at full effort (Table 1). Also, the patient had 
participated in some dynamic strengthening activities, but it was 
evident that she would benefit from further plyometric and sport 
specific exercises in order to play soccer at one-hundred percent 
effort. The patient and her mother provided written and informed 
consent and the study was approved by the Midwestern University 
Institutional Review Board. The patient agreed to participate in a 
6-week home exercise program (HEP) designed to help her continue 
strengthening her lower extremities, core, and scapular stabilizers. 
The patient’s goals for her HEP were to have decreased LBP with 
sitting in class, sitting in the car, and while playing soccer.

Prior to being discharged with a HEP, the patient completed 
several outcome measures to assess her pain and current level of 
function. She reported her current pain to be a 4/10 at its worst 
on an 11-point numeric pain rating scale (NPRS), as described by 
Childs et al., with 0 meaning “no pain” and 10 meaning “worst pain 
imaginable” [6]. The NPRS has been shown responsive in patients 
with LBP. Studies have indicated that a 2-point change on the NPRS 
is necessary to demonstrate a clinically meaningful change in LBP [6]. 
Disability related to her current condition was measured using the 
Modified Oswestry Low Back Pain Disability Questionnaire (OSW) 
[3]. The OSW is a self-report questionnaire designed to assess how 
LBP affects an individual’s ability to manage in everyday life [3]. 
The questionnaire consists of 10 specific functional elements: pain 
intensity, person care, lifting, walking, sitting, standing, sleeping, 
social activity, travel, and employment/homemaking [3]. Each item 
is scored from 0 to 5, with higher scores indicating greater disability 
[3]. The OSW has shown to be a reliable (Intra-class correlation of 
coefficient [ICC] of 0.90) and responsive (an area under the curve 
of 0.94) questionnaire [3]. Studies have also established the Minimal 
Clinical Important Difference (MCID) to be six points [3]. However, 
the OSW has yet to be validated in young athletes [7]. The patient’s 
initial score was 18 out of 50. 

Physical examination 

At her discharge appointment, the patient’s strength, lumbar 
range of motion, and athletic performance was assessed. Lumbar 
active range of motion (AROM) for flexion, extension, and side 
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Table 1: Manual Muscle Testing Measurements at Discharge Appointment and 7 week follow up appointment.

bending was assessed using the dual inclinometer (DI) approach 
as recommended by the American Medical Association (AMA)’s 
Guide to The Evaluation of Permanent Impairment, 6th Edition [8]. 
This standardized technique has been proved to correlate well with 
measurements taken from a radiograph for lumbar flexion (r=0.98) 
and moderately for lumbar extension (r=0.75) [9]. This technique 
has moderate intra-rater reliability (r=0.71-0.90) and poor inter-rater 
reliability (r=.35-0.67) in adults with chronic LBP [10]. The patient’s 
lumbar AROM was within normal limits according to published 
norms and did not cause the patient any pain (Table 2). 

Lower extremity, upper extremity, and core strength was assessed 
using the standardized manual muscle techniques as described by 
Kendall and McCreary [11]. Manual muscle testing (MMT) has a 
high level of agreement based on +/- one full grade, ranging between 
82% and 97% agreement for inter-rater reliability and between 96% 
and 98% agreement for test-retest reliability [12]. Upon examination, 
the patient demonstrated weaknesses in hip abduction, ankle plantar 
flexion, scapular stabilization, trunk flexion, and trunk extension 
(Table 1). 

Functional outcomes were also measured at the discharge 
appointment. The patient’s agility was tested using the Agility T-Test, 
according to the original guidelines outlined by Semenick, which 
includes one practice trial and three timed trials [13]. The Agility 
T-test is a sports performance test that simulates joint-loading forces 
and kinematics that occur functionally and assesses the ability of an 
athlete to change direction, accelerate, and decelerate [14]. The test 

consists of a series of sprints between 4 cones. The participant begins 
at the starting cone and sprints forward 10 yards to touch the center 
(first) cone, shuffles left 5 yards to touch the second cone with their 
left hand, shuffles right 10 yards to touch the third cone with their 
right hand, shuffles back to the left 5 yards to touch the center (first) 
cone with their left hand, and then backpedals 10 yards to the starting 
cone to complete the test. The Agility T-test has been shown to be 
sensitive to changes in training patterns and differences in athletic 
skill levels [15,16]. It has also been reported that the Agility T-test has 
high between session reliability (ICC= 0.96) in women [14]. However, 
studies on the reliability of the Agility T-test have been based on 
healthy, college-aged athletes; there have yet to be published studies 
on the use of or reliability of the Agility T-test in young athletes or 
people with LBP. At discharge, the patient completed one practice 
and three timed trials of the Agility T-test. She took 19.7 seconds, 18.2 
seconds, and 15.0 seconds, respectively, to complete the test (Table 3). 

Lumbar AROM Initial Measurement Discharge Measurement

Flexion 10 degrees 60 degrees

Extension 20 degrees 22 degrees

Right Sidebending 5 degrees 32 degrees

Left Sidebending 10 degrees 26 degrees

Table 2: Lumbar Spine Active Range of Motion.

AROM = active range of motion. Measurement performed using dual inclinometer 
(DI) approach as described by the American Medical Association (AMA)’s Guide 
to The Evaluation of Permanent Impairment, 6th Edition [8].

Left Side at Discharge Left Side at 7 week 
Follow Up Right Side at Discharge Right at 7 week Follow Up

Hip Flexion 4+/5 4+/5 4+/5 4+/5

Hip Extension 4+/5 4+/5 4+/5 4+/5

Hip Abduction 4-/5 4/5 4-/5 4/5

Knee Flexion 4+/5 4+/5 4+/5 5/5

Knee Extension 5/5 5/5 5/5 5/5

Plantar Flexion 4/5 5/5 4/5 5/5

Dorsiflexion 5/5 5/5 5/5 5/5

Ankle Inversion 4+/5 4+/5 4+/5 4+/5

Ankle Eversion 4/5 4+/5 4+/5 4+/5

Shoulder Flexion 4/5 4/5 4/5 4+/5

Shoulder Abduction 4/5 4/5 4/5 4+/5

Shoulder Extension 4/5 4/5 4/5 4+/5

Elbow Flexion 4+/5 4+/5 4+/5 4+/5

Elbow Extension 5/5 5/5 4+/5 5/5

Scapular Adduction 4/5 4/5 4-/5 4/5

Scapular Depression and Adduction 4/5 4/5 4-/5 4/5

Scapular Adduction and Downward 
Rotation 4+/5 5/5 4+/5 5/5

Trunk Extension 3+/5 4/5 3+/5 4/5

Trunk Flexion 4/5 4+/5 4/5 4+/5

Manual Muscle Testing was assessed using the standardized manual muscle testing techniques as described by Kendall and McCreary.11Based on the 
Kendall and McCreary scale:  0=no detectable contraction and 5= normal maximum force.
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Another functional outcome used in this study to measure the 
patient’s sports performance was the Functional Movement Screen 
(FMS). The FMS was developed to screen basic movement patterns 
used in athletes to assess risk for injury based on the athlete’s ability 
to perform certain movements with or without compensation as 
well as to detect movement asymmetries [17,18]. The FMS consists 
of a series of seven self-described physical activities (unloaded deep 
squat, hurdle step, in-line lunge, shoulder mobility, active straight 
leg raise, trunk stability push-up, and rotary stability). The patient’s 
ability to complete each physical activity is subjectively analyzed 
and scored using a 4-point scale with specific characteristics listed 
for each score (0=pain with the movement, 1=unable to perform 
movement pattern, 2= compensation present to complete movement 
pattern, 3= movement performed as described), for a maximal score 
of 21 points [19]. Each physical activity is completed until the subject 
reports any pain; at this point, the screen is terminated. The FMS 
has been described as an injury predictor in athletes because it tests 
fundamental movements that require flexibility, stability, balance, 
muscle strength, and coordination. An athlete who has difficulty 
completing these movements is at risk for injury because tissue 
imbalances or compensations may be present. In a study investigating 
whether or not the FMS can be used to predict injury in professional 
football players, a composite score below 14 out of 21 was found to 
predict serious injury, with a specificity of 0.91 and a sensitivity of 
0.54 [20]. Another study investigating the validity of the FMS looked 
at 38 female collegiate athletes. This study also found that a composite 
score of less than 14 (as established by Kiesel et al. [20]) was 
significantly associated with injury (p=0.0496) with a specificity of 
0.74 and a sensitivity of 0.58 [21]. Furthermore, the scoring procedure 
for the FMS has been reported to have a high inter-rater reliability 
(ICC=0.74-1.0) [17,18], a moderate to strong intra-rater reliability 
(ICC=.754-0.91), [17,18] and moderate test-retest reliability (ICC 
=0.6) [17,18]. Studies investigating the reliability and validity of the 
FMS have largely involved collegiate athletes or other healthy young 
adults. However, studies have yet to evaluate the reliability or validity 
of the FMS in young athletes or people with LBP. At her discharge 
appointment, the patient in the current study was only able to 
complete 3 of 7 movement patterns on the FMS before experiencing 
LBP. She scored a 4 out of a possible 21 points on the FMS, which 
is indicative of an increased chance of injury [20]. It is important to 

note that the FMS was completed following lumbar AROM testing, 
manual muscle testing, and the Agility T-test. These previous tests 
may have aggravated the patient’s symptoms, potentially causing pain 
early on during the FMS. 

Initial clinical impression 

At discharge, the patient presented with LBP, decreased LE 
strength, decreased core strength, and decreased scapular stabilization 
strength (Table 1). Additionally, she presented with difficulty 
completing all items of the FMS due to LBP. It was evident from 
these exam findings that her decreased LE strength, especially plantar 
flexion strength and hip extensor strength, was contributing to her 
inability to play soccer with one-hundred percent effort because she 
lacked the strength needed to have a strong push-off during running. 
In addition to her decreased LE strength, the patient also presented 
with significant trunk flexion and extension weaknesses. These 
decreases in core stability were limiting her ability to stabilize her 
lumbar spine and pelvis during more advanced athletic skills, such as 
those included in the FMS, resulting in her LBP. Finally, the patient’s 
decreased scapular stabilizer strength was contributing to her poor 
posture, increasing the strain on her thoracic and lumbar spine when 
sitting for prolonged periods of time. 

Given her strength limitations, it was evident that the patient 
needed to continue strengthening her lower extremities and core in 
order to improve her ability to play soccer at a higher level of effort, 
improve her posture during prolonged periods of sitting, and decrease 
her LBP. Because 6 to 12 weeks of strengthening is typically needed 
to observe a significant increase in muscle strength, the patient was 
given a HEP to be completed 3 times a week for 6 weeks [22]. She 
was encouraged to return to the clinic after 6 weeks of completing 
the HEP to assess her progress and update her HEP as needed. The 
patient’s prognosis for treatment was good given that she was familiar 
with the exercises she needed to perform at home. 

Initial physical therapy intervention: Initial intervention 
included a HEP to continue strengthening the patient’s abdominals, 
lower extremities, and scapular stabilizing muscles (Table 4). Due to 
the patient’s tendency to perform exercises with poor form, it was 
important that the exercises chosen for her HEP were familiar. The 
exercises needed to be those she could perform correctly without 
tactile or verbal cues. Before being discharged to a HEP, the patient 
demonstrated each exercise to the physical therapy student in order 
to ensure that she was able to complete the exercise properly without 
compensations. The exercises were aimed to help improve her core 
stability in order to decrease strain on her lumbar spine, increase 
LE strength to help improve her soccer performance, and increase 
scapular stability to help improve her kyphotic posture. High impact, 
plyometric, and sports specific exercises were not added to the 
patient’s initial HEP because she was still experiencing some LBP. The 
patient was provided with pictures and detailed instructions for each 
exercise. She was also provided a chart that she could use to check 
off her exercises as they were performed each week. The patient was 
asked to return to the physical therapy clinic after 6 weeks for a re-
evaluation and to update her HEP. 

Physical therapy outcomes: The patient in this case was managed 

Discharge 7 Week Follow-Up

Trial 1 19.7 seconds 15.4 seconds

Trial 2 18.2 seconds 14.4 seconds

Trial 3 15.0 seconds 13.7 seconds

Average 17.6 seconds 14.5 seconds

Table 3: Agility T-test Time Recordings at Discharge and at 7 Week Follow up 
Appointment.

The patient’s agility was tested using the Agility T-Test, according to the original 
guidelines outlined by Semenick [13]. The test consists of a timed sprint test 
between 4 cones; the participant begins at one cone and sprints forward 10 yards 
to touch the center cone, shuffles left 5 yards to touch the second cone with their 
left hand, shuffles right 10 yards to touch the third cone with their right hand, 
shuffles back to the left 5 yards to touch the center cone with their left hand, and 
then backpedals 10 yards to the starting cone [13].
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Exercise Description Rationale Sets x Repetitions
Single Leg Calf Raise on 8-in Step (each 

leg)
Patient slowly raises and lowers herself 

on one foot on the edge of a step
- Improve plantar flexor strength for 

push-off during running gait 3x15 per leg

Single Leg Balance with 3-Way Kick 
(each leg)

Patient stands on one leg; while 
maintaining this position, she slowly kicks 
her opposite leg into flexion, abduction, 

and then extension to complete one 
repetition.

- Increase gluteus medius strength on 
stance leg

- Engage core muscles to maintain 
balance during dynamic activity

3x10 per leg

Wind-shield Wipers (each leg)

Patient in side lying with back, buttocks, 
legs, and heels resting against a wall. 
Patient slowly lifts and lowers top leg 

while maintaining heel contact with the 
wall

-Increase hip abduction strength to help 
stabilize pelvis and decrease strain on 

lumbar spine.
2x20 per leg

Rows, Green Thera-band

Holding an elastic band secured to a door 
handle, patient instructed bend elbows 
and draw elastic band backwards while 
pulling shoulder blades inferiorly and 

medially.

-Improve scapular strength/stabilization 
to improve scapulohumeral rhythm and 

decrease kyphotic posture.
3x10

Quadruped upper extremity shoulder 
flexion and lower extremity hip extension

Patient in quadruped and instructed 
to perform abdominal bracing while 

simultaneously lifting opposite upper and 
lower extremity, holding the position for 5 

seconds before lowering

- Increase core stability by strengthening 
mulitifidus muscle, hip extensors, and 

abdominals.
3x5 per leg/arm

Forward Lunge (each leg)

Patient instructed to step forward into 
a lunge position, keeping her forward 

knee in correct alignment. She was then 
instructed to push off her front leg to 

return to the starting position

-Increase lower extremity strength 3x10 per leg

Wall Squat with sustained shoulder 
flexion

Patient instructed to lean against a wall 
with arms flexed above head. Patient 
instructed to slowly lower down to 90 

degrees of knee flexion, hold for 2 
seconds, and raise up to starting position

-Increase lower extremity strength
-Exercise models the unloaded deep 

squat exercise on the FMS

3x10

Supine March
Patient in hook lying and instructed 
to perform abdominal bracing while 

marching lower extremities

-Increase core stability to support 
lumbar spine 3x45 seconds

Table 4: First Home Exercise Program Given to Patient.

This HEP was prescribed for 6 weeks; it was actually performed by the patient for 7 weeks. The focus of this HEP was to increase core, LE, and scapular strength

with an initial HEPs (prescribed for 6 weeks, but not completed for 7 
weeks) that, after re-evaluation, was progressed to a second HEP with 
more advanced, sports-specific activities (prescribed for an additional 
6 weeks, but not completed). The patient was unable to keep her 
initial 6-week follow up visit and was instead re-evaluated after 7 
weeks of performing her HEP; no reason was given for the delay in 
her return. At the 7-week follow up appointment, she reported that 
she had currently had no back pain, but rated her back pain as a 4/10 
at its worst (NPRS). The patient also completed the OSW. Her score 
on the OSW at her follow up appointment was a 14/50. This score was 
not; however, significantly lower than her OSW score at discharge 
(18/50) given the MCID of 6 points 3. The patient also reported that 
she was continuing to play soccer and was also swimming. 

That patient’s lumbar AROM was not re-assessed at her follow up 
appointment secondary to the patient’s subjective reports of no pain 
with lumbar AROM and the lack of AROM deficits at her discharge 
appointment. The patient’s strength, agility, and sports performance 
were re-assessed. The FMS was performed first so that other tests and 
measures would not influence the patient’s ability to complete the 
FMS. At her follow-up appointment, the patient was able to complete 
all 7 items on the FMS without LBP. Her composite score was an 11, 
which still placed her at increased risk for injury [20]. Her agility 
was then tested using the Agility T-test (Table 3) and her strength 

was re-assessed using MMT (Table 1). The patient demonstrated 
improvements in her average time to complete the Agility T-test 
(Table 3). She also demonstrated strength improvements in bilateral 
plantar flexion, bilateral hip abduction, bilateral scapular adduction, 
bilateral scapular depression and adduction, trunk extension, and 
trunk flexion (Table 1). Based on her progress, the patient received 
a new 6-week HEP that consisted of more sport-specific exercises 
to help her improve her agility and power in soccer (Table 5). The 
patient was asked to return to the clinic after 6 weeks to assess her 
progress and update her HEP. 

The patient was contacted 5 weeks into her second HEP to 
schedule a follow-up appointment. The patient’s mother reported 
that the patient was no longer complying with her HEP secondary 
to her increase in pain. Based on the patient’s decreased compliance 
with her HEP secondary to her increased symptoms, the patient did 
not return for any further follow up appointments. 

Discussion 
The incidence of LBP due to Schmorl’s nodes is low in adolescent 

athletes. However, physical therapists need to be aware of the signs, 
symptoms, and management of this condition for young athletes. 
In this case study, the patient presented with LBP and a diagnosis 
of Schmorl’s nodes. Following 8 weeks of skilled physical therapy, 
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Exercise Description Rational Sets x Repetitions

Forward and Lateral Double Leg Hops

Patient instructed to tape a 12-inch 
line on floor and hop, on both legs, for 
30 repetitions forward and backward 
over the line, rest, and then hop 30 

repetitions laterally over the line.

-Increase lower extremity muscle 
endurance and power by incorporating 

plyometrics

3x30 each direction

Mountain Climber
Patient in push-up position and 

instructed to run in place, drawing 
knees towards chest, maintaining a 

neutral spine.

3x20

Step Matrix

Patient in single leg stance; instructed 
to slowly lower on stance leg and tap 
opposite heal to ground at the 12:00 

position, raise back to starting position, 
lower and tap opposite leg to the 

side (3:00 position or 9:00 position, 
depending on stance leg), return to 

starting position, and then lower and tap 
leg to the 6:00 position to complete one 

repetition.

-Increase lower extremity strength, 
emphasizing gluteus medius strength 

for pelvic stability

3x8 per leg

Side Steps with Theraband

Patient instructed to secure an elastic 
band around ankles and assume a ¼ 
squat position; while maintaining this 

position, patient instructed to take side 
steps, without allowing her trunk to 

sway with each step.

3x12 steps per leg

Supine Bracing with LE Bicycle kicks

Patient in supine hooklying; patient 
instructed to lift both feet off floor 

and then straighten one leg; patient 
instructed to alternate legs (like 
pedaling a bike) while bracing 

abdominal muscles in order to keep 
lower back on floor.

-Increase core strength 3x10

Plank Patient in plank position on elbows; 
patient instructed to maintain a straight 

back.
-Increase scapular stabilizer strength 

and core strength

3x45 seconds

Knee Push-Ups

Patient in prone with knees bent; 
patient instructed to push up, using 

arms, to a modified push-up position. 
Patient instructed to slowly lower back 
to starting position while maintaining a 

straight back.

3x8

Table 5: Second Home Exercise Program Given to Patient.

This HEP was prescribed for 6 weeks but was not completed by the patient. The focus of this HEP was to incorporate more sports specific exercises to further improve 
the patient’s agility and power.

treatment then included a 7-week HEP designed to help the patient 
return to playing soccer with one-hundred percent effort. This 
treatment included strengthening exercises for the bilateral lower 
extremities, the core stabilizers, and the scapular stabilizers. The 
exercises were designed to improve the patient’s core stability, 
decrease the strain on her lumbar spine, and allow her to play 
soccer at a greater intensity and with less back pain [23]. Following 
treatment, the patient presented with increased LE and core strength 
as well as improved performance on the Agility T-test and the FMS. 
However, the patient did not present with significant pain changes on 
the NPRS or the OSW. 

Although the patient demonstrated some gains in strength and 
sports performance, her pain did not seem to change significantly 
following treatment. The patient’s HEP included many basic core 
and LE exercises that were familiar to her in order to ensure that she 
performed the exercises with proper form. However, the patient may 
have demonstrated greater strength gains had the overload principle 

been applied to her strengthening exercises during treatment. The 
overload principle states that if muscle performance is to increase, 
a load that exceeds the muscles metabolic capacity must be applied 
[22]. To achieve overload, this exercise may have included additional 
resistance by having the patient hold dumbbells since her LE muscles 
could already lift and lower her body against gravity, given her 
LE strength was at least a 4/5 on MMT. Had additional resistance 
been applied to her other exercises as well, the patient may have 
demonstrated greater strength gains in all of the other muscle groups.

In order to address the patient’s ongoing pain, her HEP could 
have included additional pain management techniques, such as 
stretching and the use of superficial heat. A randomized controlled 
study by Fanucchi et al. [24] demonstrated that an 8-week exercise 
program can reduce the intensity and prevalence of LBP in 12-13 year 
old children (72 children, mean age 12.3). One component of this 
program was iliopsoas, hamstring, and rectus femoris stretches [24]. 
Decreased hamstring and iliopsoas muscle length are considered 
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physical risk factors for LBP because, during periods of rapid growth, 
muscles are often unable to keep pace with the rate of bone growth, 
causing muscle imbalances and decreased flexibility which leads 
to LBP [2,24]. At the three month follow up, significant between-
group differences in favor of the experimental group were found 
in hamstring and iliopsoas muscle length [24]. Thus, the authors 
concluded that the increased muscle lengths found with the exercise 
contributed to the absolute risk reduction for LBP in the experimental 
group of 24% (95% CI 4 to 41) compared to that of the control group 
[24]. Given the results of Fancucchi et al. [24] the patient in this case 
report may have benefitted from hamstring and iliopsoas stretching 
exercises in her HEP to help decrease her LBP. Thus, an additional 
stretching program to maintain appropriate length in these muscles 
may have been adventitious. 

Adding a superficial heat regimen to the patient’s HEP may 
have also aided in decreasing the patient’s pain. At initial evaluation, 
the patient presented with increased tone and tenderness in the 
thoracolumbar paraspinal muscles. Increased tone in paraspinal 
musculature may have been attributed to muscle guarding because 
of the nearby injury (the presence of Schmorl’s nodes) or as a 
compensation for her weak core stability muscles. Superficial 
heat modalities convey heat by conduction and can elevate the 
temperature of muscle tissues 0.5 cm or less from the surface of the 
skin [25]. An increase in tissue temperature causes local vasodilation, 
which results in the decreased firing rate of alpha motor neurons, 
thus may decrease LBP due to muscle spasm [26]. A Cochrane review, 
conducted by French et al. found that there is moderate evidence to 
support the use of superficial heat for the treatment of chronic LBP. 
Adding superficial heat treatments to the patient’s HEP may have 
helped decrease her pain temporarily, but not long term. 

The results from this case report are consistent with many other 
studies concerning rehabilitation intervention plans for adolescents 
with LBP. A meta-analysis by Calvo-Muñoz, Gómez-Conesa, and 
Sánchez-Meca investigated whether physical therapy treatment is 
effective for LBP in children and adolescents. This meta-analysis 
included eight studies, consisting of 334 subjects, ages 11 to 18, that 
used several outcome measures (pain, disability, flexibility, endurance, 
and mental health) to determine the effectiveness of different physical 
therapy interventions in the treatment of LBP in adolescents [27]. 
Interventions included exercise (2 studies), manual therapy (1 study), 
combined treatment of back education and therapeutic physical 
conditioning (1 study) and exercise combined with other treatments 
such as manual therapy, modalities, and education (7 studies) [27]. 
The results of this meta-analysis concluded that physical therapy 
is beneficial for the treatment of LBP in adolescents, and that the 
combination of physical exercise and manual therapy is most effective 
(predicted, estimated effect of 10.55) [27]. Given the findings of this 
meta-analysis, the treatment conducted in this case study may have 
been effective given that the HEP included physical conditioning 
exercises. However, the treatment might have been more effective 
at reducing the patient’s pain had manual therapy been included. 
Unfortunately, due to the lack of an official referral to continue on-
site physical therapy, the patient in this case study could not be seen 
for manual therapy by her physical therapist. 

Although the patient’s HEP did not include stretching exercises 
or manual therapy, many exercises utilized in her HEP have been 
shown to be effective at reducing LBP and in improving one’s athletic 
performance. For example, the core stability exercises included in 
this HEP are effective in the management of LBP due to Schmorl’s 
nodes.2 Core stability strength is especially important for soccer 
players, as it is the foundation of all limb movements, and controls the 
body’s balance when imposed to internal and external perturbations 
during a soccer game [23]. Thus, poor core stability contributes to 
decreased dynamic balance, which increases a soccer player’s risk for 
injury, especially LBP. The HEP in this case report included many 
core stability exercises, as well as LE strengthening exercises, aimed 
at increasing her balance, thus improving the patient’s athletic ability 
and decreasing her risk for further LBP. 

With regard to adherence to HEP, few studies have been conducted 
that examine an adolescent’s compliance with HEPs for LBP. Previous 
studies have demonstrated that factors that positively influence 
adherence to HEP include history of participation in a previous HEP, 
HEPs with less than 6 exercises, self-efficacy of exercises, emotional 
support, and frequency and quality of the patient’s interactions and 
communication with the physical therapist [28]. This communication 
includes clarifying doubts of patients, giving patient’s information 
about their illness, explaining the need for the HEP, and giving clear 
instructions for each exercise in the HEP [28]. The patient in this 
case documented her adherence using pre-fabricated chart where 
she marked-off performing each exercise, 3 times per week, for 
the 7 weeks. Her high level of adherence may have been due to her 
previous experience in performing the exercises at previous physical 
therapy sessions. The patient also had strong emotional support from 
her parents, which may also have aided in her compliance. Despite 
the patient’s adherence with her HEP, communication between the 
therapist and the patient could have been improved. For instance, 
had the physical therapist communicated with the patient after 3 or 
4 weeks of the patient’s HEP, the therapist might have found out that 
the patient’s LBP had not yet improved. Given this information, the 
therapist could have re-assessed the patient sooner and could have 
added more pain-management techniques to the patient’s HEP. 

Conclusion 
This case study suggests that adolescent athletes with LBP 

caused by Schmorl’s nodes may be capable of adhering to a HEP if 
they are given familiar exercises, have appropriate verbal and visual 
instructions, and have additional emotional support. Furthermore, 
this case study suggests that basic LE and core strengthening exercises 
may have been effective at increasing LE and core strength as well 
as increasing one’s speed, agility, and overall athletic performance. 
However, strengthening exercises alone may not always significantly 
reduce LBP. This study suggests that improvements in core strength 
and athletic performance do not necessarily coincide with decreases 
in LBP. These findings suggest that a HEP given to adolescent athletes 
with LBP, especially those with Schmorl’s nodes, should also include 
stretching exercises, manual therapy, and the use of modalities like 
superficial heat to help decrease LBP. 

It should be pointed out that this case report represents a low level 
of evidence for the use of a HEP for a young female with Schmorl’s 
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nodes and LBP. More randomized, clinical trials are needed to 
investigate the effectiveness of HEP for the treatment of LBP in 
adolescent athletes with Schmorl’s nodes. These studies need to 
examine which therapeutic techniques are most effective for treating 
LBP caused by Schmorl’s nodes, such as strengthening exercises, 
manual therapy, and the use of therapeutic modalities. Further 
research is also needed in regard to adolescent compliance with HEP 
and the use of the FMS and the Agility T-Test in adolescents athletes 
with LBP.
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