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Background and purpose — We aimed to evaluate the
clinical outcomes, radiographic results, and health-related
quality of life in pediatric AO type Al spinal compression
fractures treated with activity-restriction only.

Patients and methods — All children between 2014
and 2020 with an AO type Al spinal compression fracture
treated with activity-restriction only identified from an insti-
tutional fracture registry were invited to a prospective out-
comes study. Clinical findings and spinal radiographs were
assessed at median 3 years, interquartile range (IQR) 1-4
follow-up from injury. Oswestry Disability Index, Pediatric
Quality of Life Inventory Generic Core Scale (PedsQL), and
PedsQL Pediatric Pain Questionnaire were compared with
reference values. 63 children were identified, of whom 47
agreed to participate. 8 were polytrauma patients.

Results — Age at injury was median 11 (IQR 9-14) years.
The number of injured vertebrae was median 2 (IQR 1-3).
82% (94 of 115) were thoracic vertebrae fractures and 70%
(33 of 47) of the patients had thoracic vertebrae fractures
only. At follow-up all but 2 fractures showed radiographic
remodeling. There was no difference from the published
reference values in the patient-reported outcome measures.
A lower PedsQL physical functioning score was associated
with higher patient-reported pain (P = 0.03). At follow-up
12 patients had hyperkyphosis (median difference from the
reference values 4°, IQR 3-6, 95% confidence interval [CI]
3-6) and 5 hypolordosis (median difference from reference
8°,IQR 4-11, CI 4-14). None of the patients had surgery for
deformity during follow-up.

Conclusion — Clinical, radiographic, and health-related
quality of life outcomes were good after activity-restriction
treatment in pediatric A1 spinal compression fractures.

Spinal fractures account for 2-5% of all fractures observed
in children and adolescents [1-3]. The reported incidence of
all pediatric spinal fractures in Finland is 0.66 per 100,000
[2]; however, the incidence of pediatric spinal compression
fractures is unknown. The fractures are equally distributed
between the sexes with a peak incidence at 12 years and typi-
cally affect the thoracolumbar region following a low-energy
fall [1-4]. Younger children tend to fracture the lower thoracic
spine, whereas in adolescents the thoracolumbar region is
more often affected [3]. Recovery from pediatric spinal frac-
tures is perceived as good [5,6]. Recovery may be attributed to
the better circulatory properties of the vertebral discs and car-
tilage as well as apophyseal growth plates providing remodel-
ing [1,6,7]. The more robust structure of the vertebral endplate
also makes the pediatric spine stronger to withstand deform-
ing forces in comparison with the adult [7].

Spinal compression fractures are generally stable and treated
non-surgically [1-6]. However, there is no consensus among
pediatric orthopedic surgeons regarding the optimal treatment
strategy and little is known about the natural history [5]. Imme-
diate mobilization with thoracolumbosacral orthosis (TLSO)
is a common treatment option with treatment duration ranging
from 4 to 8 weeks [4]. Strong evidence supporting this treatment
modality is lacking [6]. Other treatment options include bed rest
with or without TLSO or activity-restriction including cessation
of sports and excess physical activity for 12 weeks [5,6,8].

At Helsinki University Hospital (HUS) New Children’s
Hospital pediatric compression fractures have been treated
with restraint from excess physical activity and return to
sports at 3 months from injury.

We aimed to evaluate the clinical outcomes, radiographic
results, and health-related quality of life in pediatric AO type
Al spinal compression fractures treated with activity-restric-
tion only.
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Figure 1. A. Compression was
calculated as the ratio between
the anterior and posterior
height of the vertebrae.

B. Thoracic kyphosis was measured from the superior endplate of the T2 verte-

bra to the lower endplate of the T12 vertebra.

C. Lumbar lordosis was measured from the superior endplate of the T12 verte-

bra to the lower endplate of the L5 vertebra.

Patients and methods

HUS New Children’s Hospital is a primary care center for
pediatric trauma treating children < 16 years of age. We con-
ducted a study based on prospectively collected data from all
patients identified from the institutional fracture registry (Kids
Fracture Tool, BCB Medical, Turku, Finland). The STROBE
guidelines were followed (https://www.strobe-statement.org/).
Our prospective fracture registry collects data regarding the
injury and its treatment (age of patient at time of injury, mech-
anism of injury, type of fracture, international classification of
diseases 10™ revision [ICD-10] code, treatment of fracture,
complications of treatment, number of follow-up visits). Our
treatment protocol for spinal compression fractures is restraint
from sports with follow-up radiographs (anteroposterior and
lateral view) taken 1-2 weeks from injury. If no progression
of compression is observed children are allowed to return to
sports 12 weeks from injury.

Data collection

The follow-up (FU) evaluation included neurologic examina-
tion of the lower limbs, evaluation of spinal mobility using the
modified Schober’s test, and measurement of rib hump using
a scoliometer in a forward bending test [9,10]. In addition, all
participants were asked to complete patient-reported outcome
measures (PROM), Oswestry Disability Index (ODI), Pedi-
atric Quality of Life Inventory (PedsQL) Generic Core Scale
(PedsQL), and PesdQL Pediatric Pain Questionnaire (PedsQL
Pain); 1 declined. The ODI and the PedsQL Pain scores are
calculated from 0—100 with O indicating no disability/pain and
100 indicating the highest level of disability/pain [11-13]. The
PedsQL total score as well as its subscore of physical health is

Spinal compression fractures identified from institutional
fracture registry between 2014 and 2020 with age < 16 years
AO: A1. ICD-10: S22.0, S22.1, S32.11 and S32.7
n =283

Excluded (n = 20):
- no vertebral fracture, 2
- other vertebral fracture, 9
- burst, 6
- chance, 1
- facet joint, 1
- other, 1
—— underlying disease predisposing
for fractures or affecting fracture
healing, 7
- osteogenesis imperfecta, 4
- acute lymphoblastic leukemia, 1
- sickle cell anemia, 1
- juvenile rheumatoid arthritis, 1
- TLSO treatment, 2

Inclusion criteria met
n=63

Excluded
— Declined to participate
n=16

Agreed to participate (n = 47):
- radiographic evaluation at follow-up, 46 2
- completed PROMs at follow-up, 462

Figure 2. Flowchart of participants selection. 2 1 patient declined
radiographic evaluation at follow-up visit, and 1 other patient’s patient-
reported outcome measures (PROMs) were excluded due to compli-
ance issues. AO = https://surgeryreference.aofoundation.org/, ICD-10
= International Classification of Diseases 10t revision, TLSO = thora-
columbosacral orthosis.

similarly calculated from O to 100 with a higher score represent-
ing a better outcome [14]. Section 8 (question about sex life)
was removed from the ODI questionnaire used in the study.

Radiographic evaluation (Figure 1)

All radiographs were assessed by a musculoskeletal radiolo-
gist with over 10 years’ experience of pediatric trauma for
initial fracture classification (Genant grade) and progression
or correction of initial deformity. The Genant classification
grades spinal compression fractures from O to 3 based on the
vertebral shape, with respect to vertebral height loss involv-
ing the anterior, posterior, and/or middle vertebral body with
a higher grade indicative of a more severe compression [15].
The degree of vertebral body compression was measured as
the ratio between the anterior height and the posterior height
of the fractured vertebrae from the lateral radiograph (Figure
1) [5,6]. Thoracic kyphosis (T2-T12) and lumbar lordosis
(T12-L5) were measured using Cobb’s method [16]. Hypol-
ordosis (T12-L5) was defined as < 35° at the age of < 12
years and < 40° at the age of 12-16 years. Hyperkyphosis
(T2-T12) as >38° at the age of <12 years and >39° at age of
12-16 years [17].

Statistics

We describe the data using the median and the interquartile
range (IQR) for continuous variables and as counts and per-
centages for categorical data. The comparisons have been
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Number of vertebral fractures Table 1. Patient and fracture characteristics
18
% Patients Median  Male
14 Fracture site (ICD-10) (polytrauma) age (IQR) sex
127 Thoracic vertebra 34 (4) 11 (9-14) 19
10 (S22.0, S22.1)
| Lumbar vertebra 10 (3) 13 (9-14) 7
8 (S32.0, S32.1)
6 Thoracic and lumbar vertebra 3(1) 14 2
(822.0, S22.1, S32.0, S32.1, S32.7)
47 All 47 (8) 11 (9-14) 28

07123456778910111212345

Thoracic vertebrae Lumbar
vertebrae

Figure 3. Distribution of the 115 vertebral fractures in the 47 study
participants.

done using the Mann—Whitney U test for the continuous vari-
ables (PROMs, modified Schober, scoliometer) and Fisher
tests for the categorical data. Due to our small sample size,
we calculated the 95% confidence intervals (CI) for the medi-
ans using bootstrapping. We used a 1,000 bootstrap sample
to calculate the CI using percentiles. Statistical analysis was
carried out using R 4.2.3 (R Foundation for Statistical Com-
puting, Vienna, Austria) and SPSS (SPSS Statistics 29 v100;
IBM Corp, Armonk, NY, USA). An external biostatistician
was consulted.

Ethics and disclosures

Written informed consent was gathered from guardians
and participants. The study protocol was approved by HUS
Regional Committee on Medical Research Ethics (approval
number: HUS-1902-2020). The authors report no con-
flict of interest. Complete disclosure of interest forms
according to ICMIJE are available on the article page, doi:
10.2340/17453674.2024.35161

Results
Patients and recruitment

Between 2014 and 2020, 83 patients treated for a spinal frac-
ture in the thoracolumbar region (ICD-10 search codes: S22.0,
S22.1, S32.0, and S32.7) were identified from the registry. A
spinal compression fracture was defined as a vertebral body
fracture with one or both endplates involved but the fractures
not connecting with one another (AO type Al, https://sur-
geryreference.aofoundation.org/). A musculoskeletal radiolo-
gist re-evaluated the initial radiographs of all 83 patients; 72
fulfilled the radiographic criteria. Of the 72 patients, 7 were
excluded due to pre-existing risk of fractures and 2 due to
TLSO treatment started elsewhere. Any concomitant injuries
(polytrauma) were documented. Altogether 63 patients (38
male) were invited to participate in the study of whom 47
agreed (28 male) (Figure 2).

ICD-10 = International Classification of Diseases 10th revision;
IQR = interquartile range.

Fractures and trauma

The participants were assessed at median 3 years (IQR 1-4)
from injury. Altogether 115 compression fractures were identi-
fied in the 47 patients. The median age at injury was 11 years
(IQR 9-14). 28 patients had 2 or more injured vertebrae. The
median number of compression fractures in the participants
was 2 (IQR 1-3). Th7 was the most often fractured vertebra
(15%, 17/115), while Th1, Th10, and L5 were the least frac-
tured (one each) (Figure 3). 82% of the fractures occurred in
the thoracic spine (94/115) and 70% (33/47) of the patients had
thoracic vertebrae fractures only (Table 1, Figure 3). Genant
grade 0 (47%, 54/115) was the most common fracture grade
followed by grade 2 (n = 30), grade 1 (n = 29), and grade 3 (n
= 1). Most of the patients (39/47) had isolated spinal compres-
sion fractures. In this patient group the median number of frac-
tures was 2 (IQR 1-3). 8 of the participants were polytrauma
patients with a median of 3 (IQR 1-5) compression fractures,
all sustained from a high-energy injury (fall from 8 meters 3,
traffic injury 3, downhill fall with kick scooter 1, and eques-
trian injury 1). Only 1 of the polytrauma patients had a fracture
requiring closed reduction and fixation (metacarpal). All other
associated fractures were treated with either casting (metacar-
pal 2, metatarsal 2, and calcaneus 2), collar and cuff (clavicle 3
and scapula 1) or restriction of weight bearing (pelvis 2).

Clinical findings and PROMS

All had normal neurological findings of the lower limbs.
Modified Schober’s test (median 7 cm, IQR 7-9, CI 7-8)
yielded results within the normal range [10]. 5 patients had
an increased rib hump as assessed by scoliometer (median 7°,
IQR 6-7), while the median rib hump in the whole study pop-
ulation was 3° (IQR 2-5). The mean PROM results showed
no disability in the ODI, normal quality of life in the PedsQL.,
and no pain in the PedsQL Pain scores (Table 2) [11,12,14].
There was no statistically significant difference between the
polytrauma and isolated spinal compression fracture patients
in the ODI (P = 0.8), or the PedsQL Pain scores (P =0.9). Nor
was there any difference in the PROMS between patients with
fractures of the thoracic region and those with fractures in the
lumbar spine (P > 0.05 for all).



Acta Orthopaedica 2024; 95: 8—-13

11

Table 2. Results of patient-reported outcome measures. Values are median (interquartile range) [95% confidence intervals]

All Isolated spinal fractures Polytrauma Thoracic fractures Lumbar fractures
PROM type (n=46)2 (n=38) (n=8) (n=34) (n=12)
ODI 0(0-6) [0-3] 0 (0-5) [0-4] 1(0-9) [0-9] 0 (0-5) [0-3] 0 (0- [0-4]
PedsQL 88 (81-96) [87-93] 89 (85-98) [88-94] 3 (77-88) [76-88] 90 (88-91) [86-94] 88 (83—95) [74-100]
PedsQL Function 94 (87-98) [90-97] 94 (88—-100) [90-97] 0 (73-91) [71-88] 94 (83—-100) [90-98] 91 (86—-99) [87-95]
PedsQL Pain 1(0-10) [0-3] 1(0-8) [0-3] 0 (0-13) [0-13] 0 (0-4) [0-8] 0(0-9) [0-4]

The Oswestry Disability Index (ODI) and the Pediatric Quality of Life Inventory pain questionnaire (PedsQL Pain) are calculated from
0-100 with 0 indicating no disability/pain and 100 indicating the highest level of disability/pain.
The PedsQL Generic core scale (PedsQL) and the physical health summary score (PedsQL Function) are calculated from 0 to 100

with a higher score representing a better outcome.

21 patient’s patient-reported outcome measures were excluded due to compliance issues.

Vertebral height ratio
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Figure 4. Box plot expressing the ratio between the anterior and pos-
terior height of the vertebrae at the time of injury and at last follow-up
(FU). Horizontal line represents the median, box the interquartile range
(IQR), whiskers 1.5 x IQR and the dots outliers.

Polytrauma patients reported a lower total PedsQL score
than patients with isolated compression fractures (P = 0.05)
with a statistically significant difference in the PedsQL sub-
score of physical functioning (P < 0.01). A lower PedsQL
physical functioning score was associated with higher patient-
reported pain (P = 0.03).

Radiographic findings

Full spinal radiographs (lateral and anteroposterior views)
were taken of 46 patients (1 declined) at the FU visit. 12
patients had a remaining hyperkyphosis with a median differ-
ence from the reference values of 4° (IQR 3-6, CI 3-6) and
5 hypolordosis with a difference from reference of 8° (IQR
4-11,CI 4-14). The difference between the anterior and poste-
rior height of the fractured vertebrae decreased from an initial
anterior—posterior height ratio of median 0.8 (IQR 0.7-0.8, CI
0.7-0.8) to a final 0.9 (IQR 0.8-1.0, C1 0.9-1.0), with delta of
0.12(IQR 0.1-0.2,CI10.1-0.2) P<0.001. There was no differ-
ence between the initial compression ratio in the polytrauma
patients (median 0.8, IQR 0.7-0.8, CI 0.7-0.8) and the spinal
fracture only patients (median 0.8, IQR 0.7-0.8,CI10.7-0.8, P
=0.7). Nor was there any difference in the remodeling between
the 2 groups, with a final anterior—posterior ratio for the poly-

trauma of median 0.9, IQR 0.8-0.9, CI1 0.8-1.0, and 0.9, IQR
0.8-1.0, CI 0.85-0.93 in the spinal fractures only group (P =
0.8). 44 patients (fractures) showed signs of remodeling and
only 1 did not (age at fracture 7.5 years, FU 1 year), while 1
more showed progression of deformity (age at fracture 10.5
years, FU 6 years) (Figure 4). Both patients who did not show
signs of remodeling had Genant grade 1 fractures. None of the
patients in the study required surgery during the FU period.

Discussion

We have analyzed the results of activity-restriction only as a treat-
ment modality for pediatric spinal compression fractures (AO
type Al), showing good results over mid-term follow-up in terms
of radiographic outcomes and health-related quality of life.

Many centers treat spinal compression fractures in children
with TLSO even though there is no strong evidence of its
superiority as a treatment modality [1,4,6]. In a study of 74
patients with a pediatric spinal compression fracture by Singer
et al. [6], half of the fractures were treated with TLSO and the
other half by activity-restriction only. The authors found no
difference in outcome and reported equal remodeling of the
vertebrae in the 2 groups. Karlsson et al. [5] published long-
term follow-up (mean 33 years, 21 patients) of pediatric spinal
compression fractures using the ODI as an outcome measure.
Similar to Singer et al. [6], they reported good remodeling of
the fractures and in addition found no increased risk of disc
degeneration in adulthood. The ODI score in their study was
indicative of no disability (mean 2.3, SD 6.1) [5]. This study
reports results in accordance with both aforementioned stud-
ies. In addition, general quality of life of the patients is good to
excellent suggesting that activity-restriction only is an equal
treatment modality to TLSO. As TLSO treatment can be per-
ceived as demanding and more costly we suggest that routine
immobilization is not necessary in this stable spinal fracture
type in children and young individuals.

In the adult population treatment failure following nonop-
erative management of spinal compression fractures has been
reported to be as high as 39%, mostly being attributed to the
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progression of deformity [18]. A recent review found that age,
lumbar bone mineral density, segmental Cobb angle, and ver-
tebral height loss all were individual risk factors for treatment
failure [19]. Although 35% of our patients had a remaining
mild deformity, we found no association with the reported
health-related quality of life, nor did the deformity correlate
with the patient-reported pain. The difference from the adult
population most likely can be attributed to the higher meta-
bolic activity of the bone and apophyseal growth plates of the
pediatric spine as well as the ability of the intervertebral disc
to absorb deforming forces, already leading initially to less
severe compression [3,5,6]. In the current study most of our
patients showed significant vertebral remodeling (P < 0.01),
while only 1 patient showed progression of deformity. As the
median follow-up is short (3 years) it is likely that the correc-
tion of deformity will further progress in most patients until
cessation of growth [5]. Over the study period none of the
patients required treatment for residual deformity, suggesting
that radiographic follow-up after 1 to 2 weeks with standing
radiographs probably is unnecessary.

Vertebral compression fractures may lead to a progres-
sive kyphotic deformity and global sagittal imbalance, which
are known independent predictors of negative quality of life
[20,21]. In studies analyzing the impact of Scheuermann’s
kyphosis on quality of life, pain has been found to be sig-
nificantly worse in Scheuermann’s kyphosis patients with
moderate hyperkyphosis already, than in controls [21]. In this
study 11 patients had a remaining mild hyperkyphosis (< 6°)
at follow-up with no association with reported pain or other
PROMs, suggesting that a mild thoracic kyphotic deformity
is well tolerated. Other studies have reported remodeling of
kyphotic deformity following spinal compression fractures
over time, with only a very small percentage (< 5%) showing
progression of kyphotic angle [5]. In the current study all but
2 patients showed radiographic remodeling of the compressed
vertebrae resulting in normal thoracic kyphosis and lumbar
lordosis in the majority of our patients.

Limitations

First, our study has relatively short follow-up (median 2.5
years) and limited size of the study population, even though
the follow-up rate was good (75%). Second, Genant’s clas-
sification was introduced for stable osteoporotic compres-
sion fractures in adults but has since been used in children
to describe morphological fracture characteristics [15,22]. In
the current study its value in predicting fracture remodel-
ing remained limited. Third, the ODI questionnaire has been
validated in children and adolescents to evaluate back pain,
although it is considered to be less sensitive to identify dis-
ability in this population in comparison with adults [23]. With
a lack of other suitable PROMs, as well as the use of the ODI
in other studies evaluating back pain in children and youth, a
choice was made to include this PROM [5,23,24]. Fourth, as
nearly half of our patients still have the teenage growth spurt

ahead of them, this may accelerate growth and have an influ-
ence on the mild residual deformities.

Conclusion

Clinical, radiographic, and health-related quality of life out-
comes were good after activity-restriction treatment in pediat-
ric Al spinal compression fractures.

In perspective, routine immobilization does not seem neces-
sary in the treatment of pediatric spinal compression fractures.
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