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Abstract

Purpose: This study examined levels of agreement between
paediatric orthopaedic surgeons in the need for operative
management of extension-type supracondylar humerus
fractures.

Methods: This was the second phase of a two-part study.
De-identified baseline anteroposterior and lateral elbow ra-
diographs from 60 paediatric patients with extension-type
supracondylar humerus fractures were compiled. After classi-
fying each fracture according to Gartland classification guide-
lines, radiographs were randomized, and surgeons indicated
whether they would use operative or non-operative man-
agement to treat each fracture. Kappa statistics using pair-
wise comparisons were calculated to determine agreement
levels.
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Results: In total, 11 international surgeons participated, and
10/11 completed both survey rounds. The overall weight-
ed interobserver agreement was moderate (0.530, 95%Cl
[0.215,0.854]) while overall weighted intraobserver agree-
ment was substantial (0.740, 95%CI [0.513,0.963]). The
largest variability in preferred treatment methods between
surgeons was observed for type IlIA fractures, with 6/11 pre-
ferring non-operative and 5/11 preferring operative manage-
ment. The largest individual surgeon variability was observed
for type IlA fractures, with 8/11 showing variability (defined
by not having made the same decision for at least 90% of the
cases) in choosing whether to operate.

Conclusions: Our findings suggest moderate interobserver,
and substantial intraobserver agreement in treatment deci-
sion making. The largest disagreements between surgeons
were observed for type IlIA and IIB fractures and treatment
decisions did not follow expected trends based on surgeons’
preferred treatment methods for each fracture type. This sug-
gests differences in treatment approaches between surgeons
in the management of type IIA fractures and highlights the
role of other variables that underlie differences between sur-
geons’ treatment preferences.
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Introduction

The Gartland extension-type supracondylar humerus frac-
ture is the most common fracture of the elbow in the pae-
diatric population.' In general, the Wilkins? modification
of the Gartland classification system is a useful guideline
by which orthopaedic surgeons determine the manage-
ment for extension-type supracondylar fractures. While
type | fractures are usually treated non-operatively using
tape, splint or cast immobilization, type IIB and type I
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fractures are usually treated operatively using closed
reduction and percutaneous pinning (CRPP) or open
reduction and pinning.® However, there still exists a lack
of consensus as to the appropriate management for type
IIA fractures. While some surgeons use operative manage-
ment as their default treatment of choice, other surgeons
just as strongly believe that immobilization is sufficient.
Unfortunately, the current evidence is not strong enough
to support the collective adoption of one management
strategy over the other,* despite recent publications sug-
gesting specific treatment approaches based on Gartland
fracture type.>”

We previously sought to investigate whether differ-
ences between surgeons in treatment preferences for
type Il fractures are due to surgeons classifying the same
types of fractures differently.® Substantial overall levels of
agreement were found between surgeon respondents in
the classification of fractures using the modified Gartland
criteria, suggesting that variability in classification may
not be a significant contributor to the current treatment
controversy for type IIA fractures. If the controversy over
treatment cannot be explained by variability in classifi-
cation, then there is a need to identify where the differ-
ences in practice patterns lie and the factors underlying
these differences, with particular regard to the role of the
modified Gartland classification system in the treatment
decision-making process. Once a better understanding of
these differences is achieved, outcomes between opera-
tive and non-operative management can then be more
appropriately compared, with the ultimate goal of stan-
dardizing patient care for these fractures.

The primary objective of this study was to examine
levels of agreement between surgeons from around the
world in the decision to operate on extension-type supra-
condylar humerus fractures. The secondary objective was
to explore how the modified Gartland classification sys-
tem impacts individual surgeon decision making.

Materials and methods

This is the second phase of the study previously described.?
The first phase investigated levels of agreement between
surgeon respondents in fracture type classification using
the modified Gartland classification system. After Institu-
tional Research Ethics Board approval was obtained, we
retrospectively reviewed the radiographs and charts of all
patients from two years to 12 years of age who had been
treated for an extension-type supracondylar humerus
fracture at our institution from 1st January 2005 to 31st
December 2016. Each patient had to have adequate
pre-reduction radiographs available, defined by a true
anteroposterior (AP) view with orthogonal visualization of
the distal humerus and clear delineation of the hourglass
sign and capitellum on lateral radiographs.
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Following radiographic and chart review, we selected
60 patients for inclusion, all of whom had been diagnosed
by one of seven surgeons at our institution with a Gart-
land type | (n = 10), type Il (n = 25) or type Il (n = 25)
fracture. Baseline AP and lateral plain elbow radiographs
for each patient were de-identified and compiled into sur-
veys administered using Research Electronic Data Capture
(REDCap) software (Vanderbilt University, Nashville, Ten-
nessee, USA), which we used for both phases of the study.

Invitations to participate in the survey were sent out to
fellowship-trained paediatric orthopaedic surgeons prac-
tising in tertiary care hospitals around the world. These
surgeons were known to the study’s senior authors as
previous colleagues, mentees or research collaborators
and were included in the study if they consented to par-
ticipate. All invited surgeons practised in treatment cen-
tres that had sufficient radiological resources to perform
closed reduction with percutaneous fixation of supracon-
dylar fractures, and none were from countries with lim-
itations in radiological resources that would incline them
to use non-fixation methods over fixation in cases where
they thought fixation would be warranted.

This study was conducted in two phases. For the first
phase,® surgeons were provided with a brief pictorial and
table summary of the Wilkins-modified Gartland classi-
fication system (Fig. 1), along with the compiled radio-
graphs, and asked to classify the radiographs according to
the classification system. After the two surveys in the first
phase (‘classification reliability survey’) of the study were
concluded, invitations to participate in the second phase
(‘treatment variability survey’ — the present study) were
sent out to all paediatric orthopaedic surgeons who had
already consented to participate. Similar to the classifica-
tion reliability survey, the treatment variability survey was
conducted in two rounds. For the first round, surgeons
were asked about their most preferred treatment method
for each of the modified Gartland supracondylar fracture
classifications. They were then provided with the same
radiographs from the classification reliability survey and
asked to indicate whether they would elect to treat each
fracture non-operatively or operatively. If they had chosen
non-operative management, they were asked to choose
between splinting, taping or casting as immobilization
options. If they had chosen operative management, they
were asked to choose between closed reduction under
general anaesthesia in the operating room, CRPP, or open
reduction and internal fixation. Surgeons were blinded
to the original Gartland classifications they had chosen
for each radiograph in the classification reliability survey.
For each set of radiographs provided, surgeons were also
asked to indicate other factors that would influence their
treatment decisions; options included degree of displace-
ment, mechanism of injury, swelling and soft tissue status,
neurovascular compromise and history of previous injury
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Type |

Type ll

Type Il

Type | Non-displaced

Type Il A | Intact posterior cortex, hinged in
extension. No rotation or translation.

Type Il B | Intact posterior cortex, hinged in
extension, with some degree of
rotational displacement or translation.

Type lll | Complete displacement.

Fig. 1 Summary of Wilkins-modified Gartland classification system? provided to survey respondents. Image sourced from Alton et al.

to the same area. Following a minimum of two weeks, the
same radiographs were shuffled and provided to each sur-
geon for another round of treatment decision making.

We calculated Kappa (k) statistics using pairwise com-
parisons and averaged the « values to determine over-
all interobserver and intraobserver levels of agreement.
The Landis and Koch?® guidelines were used to interpret
the k values as follows: values less than 0.00 indicate
poor agreement, 0.00-0.20 indicates slight agreement,
0.21-0.40 indicates fair agreement, 0.41-0.60 indicates
moderate agreement, 0.61-0.80 indicates substantial
agreement, and 0.81-1.00 indicates excellent or almost
perfect agreement.

In order to determine the proportion of cases surgeons
had decided to operate on for the respective categories
in the modified Gartland criteria, we matched each sur-
geon’s treatment decisions from both rounds of the treat-
ment variability survey with the classifications they had
assigned the fracture in the classification reliability survey.
The grouping of operative decisions by fracture classifica-
tion for each surgeon was thus reliant on the classifica-
tions that they had previously assigned to the fractures.
Since there were two rounds of the classification reliability
survey and two rounds of the treatment variability survey,
data for four matches were compiled and the total num-
ber of operative decisions categorized by fracture type was
summed. For these groupings, surgeons who made the
same decision for more than 90% of the radiographs were
defined as being consistent, while surgeons who made
the same decision in less than 90% of their treatment

504

decisions in each fracture type category were defined as
showing variability in their treatment decision-making

Results
Participant demographics

Of the 21 surgeons who had participated in the classifica-
tion reliability survey, 11 surgeons (six from Canada, three
from the United States, one from the United Kingdom, one
from India), representing ten tertiary care hospitals, con-
sented to participate in the treatment variability survey.
Across all respondents, the mean length of practice was
8.4 years (range 1 years to 20 years), with each treating
between 20 to 70 supracondylar humerus fractures annu-
ally. Following the two-week period, ten of the original
survey respondents completed the second round of sur-
veys. One of the original respondents could not respond
to the survey in time due to work commitments and thus
had to be excluded from the second round.

Interobserver level of agreement

The overall weighted interobserver agreement for opera-
tive decision making was moderate (Table 1).

Table 1 Interobserver and intraobserver « values

Combined intraobserver
[95% CI] (n =10)

No. of patient Combined interobserver «
cases [95% CI] (n =11)

60 0.530[0.215, 0.854] 0.740[0.513, 0.963]

J Child Orthop 2020;14:502-507
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Intraobserver level of agreement

The overall weighted intraobserver agreement for treat-
ment decision making was substantial (Table 1). Individual
intraobserver agreements for each of the ten respondents
who completed both surveys ranged from 0.474 (moder-
ate) to 0.879 (excellent or almost perfect).

Table 2 details each surgeon’s most preferred treatment
method for the various modified Gartland fracture classi-
fications. No variability between surgeon preferences was
observed for type | and type Il fractures, with all respon-
dents preferring non-operative and operative manage-
ment respectively. There was also close to no variability
observed for type IIB fractures, with only 1/11 surgeon
preferring non-operative management and the remaining
10/11 preferring operative management. The largest vari-
ability in preferences was observed for type IIA fractures,
with 6/11 preferring non-operative managementand 5/11
preferring operative.

The overall observed trends in operative decisions
when separated by surgeon-rated fracture classification
(Table 3) generally reflect the practice patterns predicted
by each surgeon’s indicated preferred treatment method
(Table 2), with the decision to operate making up 8.1%
of treatment decisions for surgeon-rated type | fractures
(compared to the predicted 0%), 50.8% for surgeon-rated
type IlIA fractures (compared to 45.5%), 82.9% for sur-

Table 2 Individual surgeon treatment preferences, grouped by fracture
classification. Shaded boxes indicate a preference for operative man-
agement, non-shaded boxes indicate a preference for non-operative
management.

Surgeon A B D E F H ) L M O Q Total

n/N*
Fracture
Type
| 0/M
1A 5/M
1B 10/1

1 m/m

*n/N: Number of times the preference to operate was indicated over the total
number of surgeons who responded.

geon-rated type IIB fractures (compared to 90.9%) and
99.8% for surgeon-rated type Ill fractures (compared
to 100%). However, individual decisions to operate did
not follow the predicted patterns as closely. The largest
amount of variability was observed for the type IIA frac-
ture category, with 8/11 surgeons (D, E, F, ], L, M, O, Q)
showing variability (as defined by less than 90% of their
decisions being the same) in whether they chose to oper-
ate on fractures they had previously judged as type lIA.
This is followed by the type IIB and type | categories, with
4/11 surgeons (A, B, F, J) and 1/11 surgeon (J) respectively
exhibiting variability in their decision making. Within each
fracture type, variations between surgeons in the decision
to operate was largest for type IIA fractures, ranging from
0% (B) to 90.2% (H), followed by type IIB fractures, which
ranged from 28% (B) to 100% (H, Q).

Discussion

The findings of this study demonstrate only a moderate
level of interobserver agreement between surgeons in
operative decision making for extension-type supracondy-
lar fractures at baseline. Overall intraobserver agreement
was substantial, although individual agreements demon-
strated a range between moderate to excellent or almost
perfect. The greatest disagreement between surgeons was
observed for fractures that surgeons had previously rated
as type IlA and, to a lesser extent, those rated as type IIB,
highlighting clearly that the practice pattern variability lies
within these fractures types. This suggests the existence
of differences in treatment approaches between surgeons
and a lack of consensus specific to the appropriate man-
agement of type IIA fractures. Interestingly, surgeons’
operative decision making for type lIA fractures and
type 1B fractures did not completely follow the patterns
expected by their preferred treatment methods for each
fracture type. This suggests that the modified Gartland
classification system plays a smaller role than thought in
operative decision-making for type Il fractures. Decision

Table 3 Percentage of decisions to operate based on respondents’ pooled fracture classifications. Highlighted in bold are the surgeons observed to be

variable in their operative decision-making.

Surgeon A B D E F H J L M O** Q
Fracture Type (%) Total n/N* (%)
| 0 0 0 0 0 9.5 333 7.5 53 0 5.3 31/385 (8.1)
1A 8.2 0 64.2 24.1 23.9 90.2 37.8 73 71.4 22.2 733 509/1091 (50.8)
1B 61.8 28 91.2 92.6 73.2 100 83.3 95.5 95.2 90.2 100 452/545 (82.9)
1] 100 100 100 100 98.4 100 100 100 100 100 100 498/499 (99.8)
Total n/N* (%) 102/240 70/240 164/240 120/240 126/240 192/240 144/240 174/240 174/240 60/120 164/240

(42.5) (29.2)  (68.3) (50) (52.5) (80) (60) (72.5) (72.5) (50) (68.3)

*n/N: Number of decisions to operate over the total number of fractures of each type rated by each surgeon. For ease of reference: for each fracture type,
surgeons who had previously indicated a preference for operative management have been shaded grey.
**Data based on only one round of the treatment variability survey as respondent did not fill out second round.
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making may be more subject to surgeon bias and take
into greater account other factors, including neurovascu-
lar injury, swelling, soft tissue status, mechanism of injury,
degree of varus or valgus and patient age.

Leung et al.’ previously explored this issue. They asked
three fellowship-trained paediatric orthopaedic surgeons
and three orthopaedic residents to review 200 radio-
graphs of supracondylar humerus fractures and classify
them according to the modified Gartland classification
system, and then indicate whether they would treat the
fracture non-operatively or operatively. Their analysis
found a substantial level of interobserver agreement
(x = 0.691-0.784) between attending-level surgeons and
fair to moderate agreement (x = 0.397-0.569) between
residents. Intraobserver agreement was substantial with
a k value of 0.760. Additionally, they demonstrated close
to unanimous agreement between surgeons on whether
to operate on type | (3%), IIB (99%) and Il (100%) frac-
tures, but fractures classified as type IIA showed greater
variability, with decisions to operate being made only 27%
of the time. The study authors suggested that the modi-
fied Gartland classification system may have limited utility
particularly in the management of type IlA and IIB frac-
tures, and that other qualitative characteristics of severity
or displacement that are not well quantified by the clas-
sification system may be used by surgeons to determine
treatment. Ernat et al.” similarly argued that classification
plays a relatively small role in patient management for
these fractures and is perhaps only useful as a surrogate
for the extent of soft tissue injury to identify potential neu-
rovascular compromise.

Our study supports the findings of Leung et al.”® in that
there is almost full agreement between surgeons for the
non-operative and operative management of type I and llI
fractures respectively. However, they had concluded that
there is agreement that operative management should be
used for type IIB fractures and that non-operative manage-
ment should be used for the majority of type IIA fractures.
While we observed similar trends, the split in opinion was
much larger, with 50.8% of decisions being to operate on
type lIA fractures and only 82.9% of decisions being to
operate on type IIB fractures. The strength of our study is
that when surgeon respondents were asked to make treat-
ment decisions, they were blinded to the classifications
they had assigned each fracture in the previous phase of
the study, and thus their decisions might not have been
as significantly influenced by fracture classification as in
Leung et al.’® In addition, the respondents were com-
prised of 11 surgeons in total — the largest number of sur-
geon respondents in such a study to date — who represent
multiple countries and hence may more accurately reflect
practice variability across the countries represented.

A potential criticism of this study is that the disagree-
ment between stated preferences and actual decisions
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could be reflective of either individual variability in fracture
classification or actual deviance from preferences. Indeed,
surgeon |, the surgeon who demonstrated variability in
their treatment decisions for the fractures they had clas-
sified as types |, lIA and 1IB, had had the lowest intraob-
server agreement (0.554, moderate) in the first phase of
the study where they classified fractures according to the
modified Gartland classification. This suggests that there
might be some variability in surgeons’ understanding of
the classification system. However, the rest of the surgeon
respondents had intraobserver agreements ranging from
0.699 (substantial) to 0.898 (excellent or almost perfect)
for their classification reliability surveys, suggesting that
there should not be a substantial amount of variation
in classification and that it would not be a major factor
explaining the variability in treatment decisions within
rated fracture types. Another limitation of this study is that
one surgeon did not respond to the second round of the
treatment decision-making surveys, so our conclusions
may be based on a slightly smaller sample size and techni-
cally incomplete data. Nevertheless, as the remaining 10
(90.9%) surgeons did complete their surveys, the differ-
ences in the data should not have significantly altered our
findings. A further limitation is that the grouping of oper-
ative decisions by fracture type was done based on each
surgeon’s assigned fracture classifications from the previ-
ous study, which is not a gold standard for classification.
In addition, there were a significantly larger proportion of
radiographs classified by surgeons as type IIA over types
[1B, 1ll and I, which could be a contributing factor to our
finding that type IlIA fractures saw the greatest variability
in treatment decision making. However, even though we
did not have an even distribution of fracture types, there
was still a good distribution with enough numbers of each
fracture type to allow for confidence in hypothesis test-
ing. Finally, while we used the first edition of the Wilkins?
modification of the Gartland classification in this study —
where the type IlIA fracture is described as having an intact
posterior cortex, hinged in extension, with no rotation or
translation, and the type IIB fracture is described as having
some degree of rotational displacement or translation —
there have been variations to the classification of these
fractures over the years. This includes the classification
of significant rotational deformities as type Ill instead of
type IIB in the eighth edition of the same textbook. This
may indicate some variability in the literature of surgeons’
understanding of the classification system. However, we
attempted to overcome this by including a standard table
of the Wilkins-modified criteria with each survey in order
to ensure that each respondent was classifying fractures
using the same classification system.

In conclusion, our findings suggest an overall mod-
erate level of interobserver agreement and overall sub-
stantial level of intraobserver agreement in operative

J Child Orthop 2020;14:502-507
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decision-making for Gartland extension-type supracon-
dylar humerus fractures. The largest source of disagree-
ment between surgeons was observed for fractures that
they had previously rated as type IIA, and treatment
decisions did not completely follow the patterns that
would be expected going by surgeons’ preferred treat-
ment methods for each fracture type. This suggests that
the modified Gartland classification may not be as use-
ful in predicting the need for internal fixation in type
Il supracondylar fractures. Factors such as fracture stability,
patient age and degree of swelling seem to be important
determinants that would help make this decision. Future
high-quality, prospective comparative trials are needed to
identify important factors in the evaluation and treatment
of supracondylar humerus fractures, adjust the classifica-
tion system used if needed, compare patient outcomes
between non-operative and operative management and,
finally, establish consensus on the necessity of operative
management for type Il supracondylar fractures.
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