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Abstract

Purpose: The health-related quality of life (HRQoL) after con-
servatively versus surgically treated paediatric proximal hu-
meral fractures is poorly understood. We assessed the HRQoL
after this injury and asked if HRQoL was associated with age,
radiological classification or treatment chosen.

Methods: We identified 228 patients who were treated for
proximal humeral fractures between 2004 and 2017. These
patients completed the Quick Disabilities of the Arm, Shoul-
der and Hand (Quick-DASH) (primary outcome), the Paediat-
ric Quality of Life Inventory (PedsQL) and questions regarding
patient satisfaction. Fractures were classified radiologically
following the Paediatric Comprehensive AO Classification.

Results: We were able to follow-up on 190 children; 147
(mean age 8.7 years (0.8 to 15.7)) sustained a metaphyseal
and 43 (mean age 11.6 years (3.7 to 15.8)) sustained a Salter
Harris type | or Il injury. Most fractures (90%) were simple,
10% were multifragmentary. In total, 137 children (72%)
were treated nonoperatively, 51 (27%) were treated by elas-
tic stable intramedullary nailing (ESIN). After a median fol-
low-up of 7.6 years (0.8 to 14.3) there was an overall mean
Quick-DASH of 4.3 (SD 9.3) for girls and 1.2 (SD 3.1) for boys.
The mean function score of the PedsQL was 94.7 (SD 11.1)
for girls and 98.0 (SD 6.0) for boys. The mean psychosocial
score of the PedsQL was 92.0 (SD 11.1) for girls and 94.1 (SD
11.6) for boys. Most children (79%) were very satisfied with
the cosmetic result and 74% were very satisfied with the treat-
ment overall. Surgery and female sex were associated with
lower satisfaction.
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Conclusion: In this cohort of 190 patients, where immobili-
zation for mildly displaced fractures, and closed reduction
and ESIN was used for displaced fractures, there was equally
excellent mid- and long-term HRQoL when assessed by the
Quick-Dash and the PedsQL.

Level of Evidence: Therapeutic, Level IV

Cite this article: Liebs TR, Rompen |, Berger SM, Zie-
barth K. Health-related quality of life after conservatively
and surgically-treated paediatric proximal humeral frac-
tures. | Child Orthop 2021;15:204-214. DOI: 10.1302/1863-
2548.15.210054

Keywords: fracture; humerus; health-related quality of life;
surgery; elastic stable intramedullary nailing; conservative
treatment

Introduction

Fractures of the proximal humerus are common in both
children and adolescents. Many of these fractures are mildly
displaced and are treated nonoperatively. For severely dis-
placed fractures, however, some paediatric orthopaedic
surgeons consider reposition and internal fixation as a treat-
ment alternative. Commonly, in such decision-making, not
only factors such as angulation and displacement are con-
sidered, but also the patient’s age and growth remaining
from the proximal physis. Several operative techniques have
been described for this injury, such as open reduction,’
internal fixation with Kirschner (K)-wires," plates,’ screws'
or a palm tree technique.? However, retrograde elastic sta-
ble intramedullary nailing (ESIN)** has evolved as a com-
monly accepted treatment method for displaced fractures.®

In a recent review’ it was noted that there are no
agreed upon criteria regarding acceptable angulation
and displacement qualifying paediatric proximal humeral
fractures for nonsurgical treatment. Another author®
mentioned that the “published literature is inadequate
in the stratification of proximal humerus fractures by
age and displacement” and emphasized that the “long-
term outcomes of patients older than 10-13 years treated
operatively and non-operatively with severely displaced
fractures” are still unknown.

Indeed, there are only a limited number of reports on
the outcome of these patients. Canavese et al° reported
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on 52 children who were treated by ESIN for displaced
fractures. After a mean follow-up of 1.5 years that study
reported good functional results as measured by the
Quick Disabilities of the Arm, Shoulder and Hand (Quick-
DASH). In another study, using the Quick-DASH as an out-
come measure in 32 patients treated for severely displaced
proximal humeral fractures, Chaus et al'® concluded that
“in a matched cohort of patients with proximal humerus
physeal fractures, there was no difference in occurrence
of complications, rate of return to activity, or cosmetic
satisfaction”. The authors further noted that “functional
outcomes [...] tended to be higher among fractures that
underwent nonoperative treatment. Among non-opera-
tively treated fractures, less than desirable outcomes were
more common in older patients, particularly those older
than 12 years of age”. Of note, the description of the sur-
gical technique is missing in that report; the authors pub-
lished radiographs in which an open reduction with pin
fixation was performed.

However, in a recent meta-analysis it was noted that
regarding functional outcomes there were “...statistically
significant differences between the treatment methods.
The best results were recorded in the group of patients
treated by ESIN, followed by K-wire osteosynthesis and
conservative treatment”.¢

Up to this time, there are only a limited number of
studies assessing health-related quality of life (HRQoL) in
children after they have sustained a proximal humeral frac-
ture. Furthermore, most publications are based on popu-
lations in whom all patients received surgery. As such, it is
unknown if the HRQoL of these patients differs by fracture
severity or treatment performed or if there are any other
factors associated with the mid- to long-term outcome.

Therefore, we have initiated this study to evaluate the
HRQoL after both conservative and surgical treatment of
proximal humeral fractures in children and adolescents.

We examined: 1) the HRQoL of patients who sustained
a proximal humeral fracture during childhood or adoles-
cence and who were treated at a large regional paediat-
ric trauma centre; 2) if HRQoL was associated with the
AO radiological fracture pattern; 3) if children who were
treated conservatively were as satisfied as children who
were treated surgically; and 4) if there were other factors
associated with HRQoL or patient satisfaction.

Patients and methods

This is a retrospective analysis, in which patients who
underwent treatment for a proximal humeral fracture were
contacted by postal mail. The study protocol was approved
by the local ethics committees (institutional review board
of the paediatric clinics of Inselspital, University of Bern
(approval number 1601 from 20 January 2016) and the
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Ethics Commission of the Canton of Bern (Basec-No. 2016-
00011 from 03 May 2016), both in Switzerland).

Several methodological details are identical to sister
studies in which the HRQoL was assessed after fractures of
the supracondylar humerus and lateral third of the clavicle
in children and adolescents.’'?

Patient population

All sequential patients with an age of up to 16 years, who
sustained a proximal humeral fracture during the period
between 15t January 2004 and 30" April 2017 and who were
treated at our institution were candidates for inclusion in the
study. Our institution is one of the leading paediatric trauma
centres in Switzerland, serving more than one million inhab-
itants in the German-speaking part of Switzerland.

Patients were identified based on the radiological
reports within our picture archiving and communication
system.

For the purpose of this analysis, the inclusion criteria
were limited to patients who have sustained a proximal
humeral fracture. Exclusion criteria were: 1) other sig-
nificant trauma requiring treatment; 2) initial treatment
performed outside our institution; and 3) inability to com-
plete the questionnaires because of cognitive or language
difficulties. Please see the STROBE (STrengthening the
Reporting of OBservational studies in Epidemiology) par-
ticipant flow chart in Figure 1 for further details.

Radiological analysis

Radiological analysis was performed to classify the frac-
ture according to the AO classification scheme.™ In that
system fractures are categorized as epiphyseal (i.e. Salt-
er-Harris 1 to 4, and fractures with an intraarticular flake)
or metaphyseal (torus/buckle or complete metaphyseal).
In both categories, fractures are further classified as being
simple or multi-fragmentary. We did not attempt to assess
the degree of retroversion of the proximal humerus.

In addition to assessing angulation and lateral dis-
placement both before and after treatment, we have
attempted to develop an approach that is more feasible
to evaluate the amount of displacement, especially given
the fact that radiographs are difficult to standardize in this
injury. Therefore, we have introduced the concept of the
‘proximal Rogers line’. The Rogers line is well known as
the anterior humeral line in supracondylar fractures of
the humerus, seen on lateral radiographs of the elbow.
In non-injured elbows the Rogers line passes through the
middle third of the capitulum of the humerus.

For the concept of the ‘proximal Rogers line’ we have
recorded the amount of displacement of the humeral
head by drawing a virtual line along the cortex of the
shaft of the proximal humerus and assessing if that line
passes through the humeral head. If that is the case in
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Search results:

280 cases
| No fracture
2 "] 5 cases
Radiologically

identified humerus
fractures in proximal

Fig. 1 Participant flow chart.

both the anteroposterior and the axial view, indicating no
considerable displacement, then the proximal Rogers line
is defined as one. However, if that line does not pass the
humeral head, the radiographic view showing the max-
imum displacement is evaluated. The displacement of
the humeral head is determined in quartiles in relation to
the shaft of the humerus, comparable with the degree of
spondylolisthesis assessed by Meyerding™. If there is full
displacement then the proximal Rogers line is defined as
5, and if the lateral displacement results in a gap between
the humeral shaft and the humeral head, indicating no
bone contact, the proximal Rogers line is defined as 6. An
illustration of this concept is shown in Figure 2.

The persons performing the image analysis (I. R., T. R.
L.) were not aware of the patient’s clinical result, thereby
avoiding observer bias.

Data collection

Beginning on 15th August 2016 we sent information
about the study, a consent form and questionnaires to
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region
(n=275)
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| Fracture
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other than
physeal or
Radiologically metaphyseal
identified (n=35)
proximal humerus
fracture
(n=240)
Exclusions:
- unable to use arm due to neurological
deficits unrelated to event of fracture (n=3) <_|—
- treated in an other hospital (n=4)
- could not be contacted (n=5) Clinically confirmed
proximal humerus
fracture and meeting
inclusion criteria
(n=228)
Follow-up Contacted by postal
mail
(n=228)
Loss to follow up:
- refused to participate (n=36)
- died unrelated to event of fracture (2) <
-pneumonia (1)
-motor vehicle accident (1)
A 4
Analyzed
Analyzed (n=190)
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19994

Fig. 2 lllustration of the proximal Rogers line. Only slips up to
type 5 are shown; type 6 is defined as no bony contact between
fragments.

the patients (or their parents, depending on current age)
by postal mail. Please see the STROBE participant flow

J Child Orthop 2021;15:204-214
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chart in Figure 1 for further details. Non-responding par-
ticipants were reminded three times by mail. Participants
still not responding were contacted by phone to deter-
mine the reason for non-responding. At that time it was
attempted to complete the questionnaire by phone.

We used the disease-specific Quick-DASH™ as the pri-
mary outcome measure, for which a validated translation to
our language (German) exists.'® Responses were recorded
on a five-point Likert scale (no, mild, moderate, severe dif-
ficulty, unable). Scores were standardized to a score of O to
100, with higher scores indicating more disability. If more
than 10% of the items were not answered, a Quick-DASH
score was not calculated and regarded as missing. The
minimal clinically important difference for the Quick-DASH
questionnaire has been calculated to be 8 points."”

As a secondary outcome for the analysis of self-reported
HRQoL we selected the Paediatric Quality of Life Inventory
(PedsQL)'® which is available in a validated version in our
language. Scores were standardized to a score of 0 to 100,
with higher scores indicating more physical function and
more psychosocial function.

Data on demographics, dates of the injury, the side
(right/left) and the treatment chosen were collected from
both the radiological analysis and from the electronic
patient chart. In the questionnaire, we included an item
about handedness and about concomitant injuries.

Overall, we were able to follow up on 190 patients (113
girls, 77 boys) who sustained a proximal humerus fracture
at a mean age of 9.3 years (0.8 to 15.8).

Treatment algorithm

Our treatment algorithm consists of applying a sling in
mildly displaced fractures and ensuring adequate analge-
sic medication. A radiological control is performed after
five to seven days. A typical radiograph of a boy who was
treated conservatively is shown in Figure 3a and 3b. In
severely displaced fractures we aimed to perform closed
reduction and fixation with retrograde ESIN in the stan-
dard technique, introduced through the radial side of the
distal metaphysis of the humerus, by usinga 3 cm to4 cm
long incision. In order to avoid an iatrogenic injury to the
radial nerve by slipping along the anterior aspect of the
humerus, we used a drill instead of a broach to perforate
the radial aspect of the metaphysis of the distal humerus.
By using manoeuvres such as traction, abduction and
external rotation, it was always possible to reduce the
fracture under fluoroscopic control, so that the retrograde
elastic nail could be passed into the proximal fragment.
We always inserted a second nail of the same diameter as
well, aiming to achieve spreading of the nail tips within the
proximal fragment to gain additional stability, especially
against sheer and rotational forces. We did not attempt to
restore the original retroversion of the proximal humerus.

J Child Orthop 2021;15:204-214

Fig. 3 a) A typical radiograph obtained at presentation; b) after
four weeks of a patient treated conservatively. These radiographs
are from a 4 years and 4 mths old boy who fell from a ladder.

Typical radiographs of a boy who was treated with ret-
rograde ESIN are shown in Figure 4a and 4b. It must be
noted that there were no strict criteria for or against sur-
gery, and fracture displacement, patient’s expectations,
patient’s age and remaining growth of the proximal physis
were considered in the decision-making process.

All patients were invited to a routine follow-up after
four weeks. Typically, at that time radiographs show con-
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Fig. 4 a) A typical radiograph obtained at presentation; b) after
four weeks of a patient treated by elastic stable intramedullary
nailing. These radiographs are from a 7 years and 11 months old
boy who fell from a swing that was 3 m high.
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siderable callus formation and on physical examination
the proximal humerus is not painful to palpation. In that
case, the sling is discontinued, if it was not discontin-
ued by the patients on their own behalf already. Patients
were invited for another visit after four weeks if range of
movement was limited. Only after that time, eight weeks
after the injury, was physiotherapy considered, which was
rarely needed in our experience.

Implant removal was usually performed between six and
nine months after the injury, using the same approach and
scar on the lateral side of the distal humeral metaphysis.

Statistical analysis

After the description of the main outcome measure, we
performed bivariate analysis in which we have analyzed
the HRQolL in relation to age, sex, the AO type radiological
classification and the type of surgical treatment.

As there was a pronounced ceiling effect in most out-
comes, i.e. most cases were grouped near the best possible
outcome, that data distribution could not be adequately
represented using box plots. For this reason, we have cho-
sen violin plots instead. These might be unfamiliar at first
glance, however, they more adequately give a graphical
representation of the data distribution. The width of the
plot is proportional to the number of data points, display-
ing the probability density of the data (comparable with a
histogram turned 90°).

In addition, we calculated a composite malposition
index based on displacement, taking into account the
angulation, lateral displacement and the proximal Rogers
line. We searched for associations between this displace-
ment index and the primary outcome.

In addition, as part of an exploratory analysis, we per-
formed two binary logistic regressions with backward
variable elimination using the Wald criteria, trying to
identify associations using a multivariate approach. In one
regression analysis, patient satisfaction with treatment
(very satisfied versus a little satisfied, a little unsatisfied
and unsatisfied) served as the dependent variable. For the
other analysis, we used a composite score of HRQoL as the
outcome, where patients who fulfilled the following crite-
ria were considered as good results: Quick-DASH < 10 (on
a scale of 1 to 100) and both dimensions of the PedsQL
(physical and psychosocial) > 90 (on a scale of 0 to 100).
We tested the following explanatory variables: age at the
time of the injury (years), sex, maximum radiographic
angulation before and after treatment, maximum radio-
graphic lateral displacement before and after treatment
(percentage of shaft width), proximal Rogers line (1 to 6)
and treatment (ESIN versus conservative).

All p-values are two-tailed; no corrections were made
for multiple comparisons. Statistical analysis was per-
formed using SPSS (SPSS Inc, Chicago, lllinois) and R."

J Child Orthop 2021;15:204-214
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Results

In total, we were able to follow-up on 190 children with
a mean age of 9.3 years (0.8 to 15.8). Of these, 147 chil-
dren (77%; mean age 8.7 years (0.8 to 15.7)) sustained
a metaphyseal fracture and 43 children (23%; mean age
11.6 years (3.7 to 15.8)) sustained an epiphyseal fracture
(i.e. Salter-Harris type | or Il). The majority (90%) of frac-
tures were simple (mean age 9.3 years (0.8 to 15.8)), 10%
were multi-fragmentary (mean age 10 years (1.8 to 15.6)).
We did not identify any Salter-Harris type Ill or IV fractures
and no fractures with an intraarticular flake.

In total, 137 children (72%) were treated nonoper-
atively, 51 were treated by ESIN (27%). One child was
treated with an external fixator and one with K-wires
(Table 1). After a median follow-up of 7.6 years (0.8 to
14.3) there was a mean Quick-DASH of 4.3 (sD 9.3) (at a
scale of 0 to 100) for girls and 1.2 (sp 3.1) for boys, with
lower values representing better quality of life (Figure 5).

Table 1 Preoperative malalignment by treatment performed

Treatment
External  Kirschner-

Count Nonoperative ESIN fixator wires Total
Preoperative malalignment”
Minor 62 0 0 0 62
Intermediate 70 24 1 1 96
Severe 5 27 0 0 32
Total 137 51 1 1 190

*please see methods section for definition of malalignment
ESIN, elastic stable intramedullary nailing

Quick-DASH by age at time of injury

100~

75-

50-

Quick-DASH

25-

.4

0to <6 years

A

12 years and older

6to <12 years

Age at the time of the injury

Fig. 5 The Quick Disabilities of the Arm, Shoulder and Hand
(Quick-DASH) by age groups.
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The mean function score of the PedsQL for girls was 94.7
(sb 11.1) at a scale of 0 to 100, with higher values rep-
resenting better quality of life (boys: 98.0 (sD 6.0)) and
the mean psychosocial score of the PedsQL for girls was
92.0 (sD 11.1) at a scale of 0 to 100, with higher values
representing better quality of life (boys: 94.1 (sD 11.6))
(Tables 2, 3 and 4, Figures 6 and 7).

In total, 149 out of 188 children (79%) were very satis-
fied with the cosmetic result and 140 out of 189 children
(74%) were very satisfied with the treatment overall.

There were no statistically significant associations
between the AO classification (Figure 8), the displacement
index or treatment (Figure 9) with regard to the primary
outcome measure. However, girls consistently demon-
strated inferior HRQoL than boys, and younger age at the
time of injury was associated with better outcomes. Satis-
faction with cosmetic result was associated with conserva-
tive treatment versus surgical treatment.

In both multivariate models, using the composite score
of HRQoL and patient satisfaction as the outcome, sex was
identified as a statistical significant association, and the
proximal Rogers line was significantly associated with the
composite score of the HRQoL in the backward variable
elimination process (Tables 5 and 6).

Discussion

This study showed that conservative treatment of mildly
displaced and surgical treatment of severely displaced
paediatric proximal humeral fractures is associated with
similar good HRQoL as measured with the Quick-DASH
and the PedsQL at a median follow-up of 7.6 (0.8 to 14.3)
years. Surgical treatment consisted of closed reduction
and mainly retrograde ESIN. Our analysis is by far the
largest covering paediatric proximal humeral fractures; it
is one of the few assessing the HRQolL in this population
and it is one of the few analyses that was not limited to
surgical cases only. These good results were independent
of radiological fracture patterns. However, we noted an
association of higher patient satisfaction with lower age
at time of the injury, better outcomes in boys versus girls
and improved reposition as measured by the newly intro-
duced proximal Rogers line.

HRQolL and associated factors

The main focus of our study was to report the HRQoL of
our population. In our cohort of 190 children there were
similar good mean scores for the primary outcome Quick-
DASH and the secondary outcomes PedsQL-physical func-
tion and PedsQL-psychosocial function, regardless of AO
fracture classification group. This indicates that the AO
fracture classification might be of inferior importance in
this patient group.
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Table 2 Outcomes by age group (age at time of injury)

0to<6yrs 6to<12yrs 12 yrs and older Total
Mean sp n % Mean sp n % Mean sp n % Mean sp n %
Quick-DASH (0 to 100) 1.6 3.5 23 54 57 1.8 3.1 7.6
PedsQL physical function (0 to 100) 979 73 96.6 8.4 93.6 12.2 96.0 9.5
PedsQL psychosocial function (0 to 100)  94.6 9.1 93.2 10.7 90.9 13.7 929 1.3
Satisfaction with cosmetic result
Very satisfied 34 92 86 86 29 57 149 79
Rather satisfied 3 8 7 7 8 16 18 10
Moderately satisfied 5 5 9 18 14 7
A little satisfied 1 2 1 1
Not satisfied at all 2 2 4 8 6 3
Satisfaction with treatment when looking back
Very satisfied 33 89 75 74 32 63 140 74
Rather satisfied 3 8 19 19 12 24 34 18
Moderately satisfied 1 3 7 7 3 6 1 6
A little satisfied 3 6 3 2
Not satisfied at all 1 2 1 1
Quick-DASH, Quick Disabilities of the Arm, Shoulder and Hand; PedsQL, Paediatric Quality of Life Inventory
Table 3 Outcomes by classification according to AO regarding simple versus mulitfragmentary fracture
Simple fracture Multifragmentary fracture Total
n Mean  sp % n Mean  sp % n Mean  sp %
Quick-DASH (0 to 100) 170 3.1 7.89 20 2.63 4.74 190 3.06 7.61
PedsQL physical function (0 to 100) 170 9599 9.71 20 96.41 7.26 190 96.04  9.46
PedsQL psychosocial function (0 to 100) 170 92.8 1.4 20 93.5 10.65 190 92.88 113
Satisfaction with cosmetic result
Very satisfied 136 81 13 65 149 79
Rather satisfied 16 10 2 10 18 10
Moderately satisfied 12 7 2 10 14 7
A little satisfied 1 1 1 1
Not satisfied at all 3 2 3 15 6 3
Satisfaction with treatment when looking back
Very satisfied 128 76 12 60 140 74
Rather satisfied 28 17 6 30 34 18
Moderately satisfied 1 7 1 6
A little satisfied 1 1 2 10 3 2
Not satisfied at all 1 1 1 1
Quick-DASH, Quick Disabilities of the Arm, Shoulder and Hand; PedsQL, Paediatric Quality of Life Inventory
Table 4 Outcomes by classification according to AO regarding epiphyseal and metaphyseal fracture
Epiphyseal fracture Metaphyseal fracture Total
n Mean sp % n Mean sp % n Mean  sp %
Quick-DASH (0 to 100) 43 2.7 6.4 147 3.2 8.0 190 3.1 7.6
PedsQL physical function (0 to 100) 43 96.5 7.1 147 95.9 10.1 190 96.0 9.5
PedsQL psychosocial function (0 to 100) 43 93.5 10.5 147 92.7 1.6 190 92.9 1.3
Satisfaction with cosmetic result
Very satisfied 31 72 118 81 149 79
Rather satisfied 6 14 12 8 18 10
Moderately satisfied 4 9 10 7 14 7
A little satisfied 1 1 1 1
Not satisfied at all 2 5 4 3 6 3
Satisfaction with treatment when looking back
Very satisfied 34 79 106 73 140 74
Rather satisfied 6 14 28 19 34 18
Moderately satisfied 2 5 9 6 1l 6
A little satisfied 1 2 2 1 3 2
Not satisfied at all 1 1 1 1

Quick-DASH, Quick Disabilities of the Arm, Shoulder and Hand; PedsQL, Paediatric Quality of Life Inventory

Our results compare well with the few published articles  only and have lower patient numbers. For example, Kraus
in the literature that have analyzed the HRQoL in these et al*® reported a mean DASH of 1.66 (sD 4.44; 0 to 17.5) in
patients. However, these studies look at surgical patients 16 severely displaced ESIN-treated patients (mean age 10.1

210 J Child Orthop 2021;15:204-214



PAEDIATRIC PROXIMAL HUMERAL FRACTURES

JOURNAL OF
CHILDREN’S ORTHOPAEDICS

PedsQL physical function by age at time of injury

Y
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50-
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Age at the time of the injury

Fig. 6 Paediatric Quality of Life Inventory (PedsQL) physical

function by age groups

PedsQL social function by age at time of injury
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Age at the time of the injury

Fig. 7 Paediatric Quality of Life Inventory (PedsQL) psychosocial
function by age groups

years) with Neer-Horowitz Type 3 and 4 fractures. Canavese
et al° reported on 52 children who were treated by ESIN for
displaced fractures. After a mean follow-up of 1.5 years the
authors reported a Quick-DASH of 0.4 (mean age 10.6 years)
for one and 1.8 (mean age 11.6 years) for another institution.
Rajan et al”’ reported on 14 patients treated by ESIN. The
mean DASH score was 2.3 (0 to 7.5) in that cohort.

J Child Orthop 2021;15:204-214

Quick-DASH by radiological AO classification
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Fig. 8 Quick Disabilities of the Arm, Shoulder and Hand (Quick-
DASH) by radiological AO classification.

Quick-DASH by treatment
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NI A

non-operative ESIN

Treatment

Fig. 9 Quick Disabilities of the Arm, Shoulder and Hand (Quick-
DASH) by treatment (elastic stable intramedullary nailing (ESIN)
versus nonoperative).

While these aforementioned studies cover surgically
treated cohorts only, our study has the advantage that it
covers both conservatively treated and surgically treated
groups. However, in our study there were no strict criteria
in which cases surgery and in which cases a conservative
approach should be used. As that decision is complex it

21



(" JOURNAL OF
1CH|LDREN'S ORTHOPAEDICS

PAEDIATRIC PROXIMAL HUMERAL FRACTURES

Table 5 Logistic regression model with the composite score of health-related quality of life (HRQoL) as the endpoint

Variable Odds ratio Lower 95% CI Upper 95% CI p-value
Sex (female vs male) 0.334 0.142 0.783 0.012
Preoperative maximum angulation 0.968 0.945 0.991 0.007
Preoperative maximum lateral displacement 3.904 1.118 13.632 0.033
Postoperative maximum angulation 1.052 1.006 1.101 0.028
Postoperative proximal Rogers line (1 to 6) 0.556 0.337 0.917 0.022
Constant 6.333 0.001

The composite score of the HRQoL, that was used as the endpoint for this logistic regression analysis, is based on both the Quick Disabilities of the Arm, Shoulder
and Hand and the Paediatric Quality of Life Inventory. For futher details please see the methods section of this article

Cl, confidence interval

Table 6 Logistic regression model with patient satisfaction with treatment as the endpoint

Variable

Odds ratio Lower 95% CI Upper 95% CI p-value
Age at the time of injury (yrs) 0.836 0.737 0.949 0.006
Gender (female vs male) 0.443 0.188 1.046 0.063
Postoperative proximal Rogers line (1 to 6) 0.687 0.443 1.067 0.095
Constant 49.048 0
Cl, confidence interval
is not astonishing that no such agreed upon criteria have Limitations

been published yet. We calculated a malposition score
and we were able to show that in children with a strong
displacement a surgical approach was used while in chil-
dren with subtle displacement a nonoperative approach
was used. For the intermediate cases the decision criteria
were less clear and an analysis of the current literature did
not reveal any guidelines regarding this topic. It would
be of great interest, of course, if such treatment decision
thresholds could be developed. However, given the meth-
odological problems associated with the design of such
studies it is easy to understand that such studies have not
been performed yet. As a further project, we will aim to
perform a matched pair analysis in the future. Anyhow,
even such an approach remains retrospective, thereby lim-
iting the validity of such an analysis.

While our study clearly demonstrates comparable results
in both treatment groups, it became evident that not
every patient is fully satisfied with the cosmetic result. In
order to identify possible explanations, we have tested
the hypothesis that the amount of initial displacement is
associated with inferior results. However, that hypothesis
could not be confirmed. On the other hand, we were able
to identify an association of surgical treatment and infe-
rior satisfaction with the cosmetic result, indicating that
patients who sustained this injury are rather disturbed by
the scar than by the functional results. This underlines that
the functional results are generally good in this cohort.
Apart from age and sex we were not able to identify addi-
tional strong associations to inferior results, indicating that
a certain amount of random noise must be expected in this
patient group when using the Quick-DASH and the PedsQL.
Further research is needed in order to assess the factors that
are associated with the small number of patients who do
not report full satisfaction and inferior HRQoL.
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Our observations must be interpreted in the light of several
limitations: first, as this was a retrospective study and there
were no strict criteria as when to perform surgery, there
might have been fractures with more severe displacements
that were treated nonoperatively and fractures with less
severe displacements that underwent surgery, leaving a
somewhat arbitrary aspect for surgical indications. As usu-
ally patient’s age and remaining growth from the proximal
physis are considered as well, the decision-making process
is complex. Secondly, as this was a single-centre study it
could be argued that external validity is limited. However,
as we are the only institution in a wide geographical area
covering paediatric trauma and we included all sequen-
tial patients suffering from this injury, a bias in the run-in
phase is unlikely, making a high external validity proba-
ble.” However, it must be kept in mind that no single study
is capable of providing full external validity, since it has
been reported that great variation exists across and within
countries for orthopaedic treatments.?? Thirdly, the exam-
ined radiographs were made routinely at presentation to
our institution and were not specifically prepared for this
analysis. Therefore, the setting of these radiographs is com-
parable with the situation of the clinician.” The person clas-
sifying the fractures was not aware of the clinical result of
the patient, therefore, the radiographic assessment could
be regarded as blinded.™ Fourthly, as this study has a ret-
rospective design our study suffers from methodological
weaknesses common in this design. This includes missing
data on the HRQolL prior to the injury. While this is consid-
ered a methodological weakness in studies analyzing adult
fractures, this does not apply to paediatric fractures. Usu-
ally, children have no physical limitations before an injury.
Therefore, it should be allowed to assume that limitations of
the disease-specific outcome measure used in this study are
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in fact attributable to the injury." Fifthly, the Quick-DASH
has not yet been formally validated in this age group and
in some cases the parents filled in the questionnaire based
on their perceptions of their children’s functioning, which
might explain a ceiling effect of the instrument. However,
the Quick-DASH has been used by several authors for eval-
uation of children with upper extremity fractures.!122334
Therefore, the DASH/Quick-DASH appears to be the most
commonly used outcome measure for paediatric fractures
of the upper extremities. Sixthly, although we had a large
sample size it is possible that we missed the identification
of existing associations of HRQoL to fracture patterns. Given
the good results of the overall group, which even exhibits a
ceiling effect, it is unlikely that any such association would
gain clinical relevance, if it existed. Finally, we have identi-
fied associations between the newly introduced proximal
Rogers line and both the endpoints patient satisfaction and
a composite score of HRQoL, consisting of the Quick-DASH
and the PedsQL. The proximal Rogers line that was intro-
duced in this study is a different method for the assessment
of angulation, as it combines the angulation and the lateral
displacement. The association of the proximal Rogers line
was not identified in the univariate analysis, indicating that
the association identified in the multivariate model could
be an incidental finding. Therefore, that association should
not be overinterpreted.

Conclusion

In conclusion, we report good HRQoL in children and
adolescents who sustained paediatric proximal humeral
fractures and who were treated nonoperatively for mildly
displaced and surgically for displaced fractures. These
results indicate that this treatment results in good treat-
ment outcomes for this injury. However, a small per-
centage of patients are not fully satisfied. This group is
associated with increasing age, female sex and surgery.
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