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Derivation and Internal Validation of a Prediction
Model for Pediatric Hand Fracture Triage
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Frankie O.G. Fraulin, MD, | Background: Pediatric hand fractures are common, and most can be managed by a

FRCSC#f i period of immobilization. However, it remains challenging to identify those more
A. Robertson Harrop, MSc, MD, complex fractures requiring the expertise of a hand surgeon to ensure a good out-
FRCSC#f i come. The purpose of this study was to develop a prediction model for identifica-

tion of complex pediatric hand fractures requiring care by a hand surgeon.
Methods: A 2-year retrospective cohort study of consecutively referred pediatric
(<18 years) hand fracture patients was used to derive and internally validate a pre-
diction model for identification of complex fractures requiring the expertise of a
hand surgeon. These complex fractures were defined as those that required sur-
gery, closed reduction, or four or more appointments with a hand surgeon. The
model, derived by multivariable logistic regression analysis, was internally validated
using bootstrapping and then translated into a risk index.

Results: Of 1170 fractures, 416 (35.6%) met criteria for a complex fracture.
Multivariable regression analysis identified six significant predictors of complex
fracture: open fracture, rotational deformity, angulation, condylar involvement,
dislocation or subluxation, and displacement. Internal validation demonstrated
good performance of the model (C-statistic = 0.88, calibration curve p = 0.935). A
threshold of 21 point (ie, any one of the predictors) resulted in a simple, easy-to-
use tool with 96.4% sensitivity and 45.5% specificity.

Conclusions: A high-performing and clinically useful decision support tool was
developed for emergency and urgent care physicians providing initial assessment
for children with hand fractures. This tool will provide the basis for development
of a clinical care pathway for pediatric hand fractures. (Plast Reconstr Surg Glob Open
2021;9:3543; doi: 10.1097/GOX.0000000000003543; Published online 20 April 2021.)
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INTRODUCTION
Hand fractures in children are common, and
account for one-fifth of all pediatric fractures.”” Rates
of pediatric hand fractures referred to hand surgeons
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vary, with rates reported in the literature ranging from
6.5% to 100%.° Most pediatric hand fractures have good
clinical outcomes,"”™ as children have the capacity
for quicker healing, better remodeling, and reduced
rates of non-union compared with their adult counter-
parts.'' The majority can be managed by immobilization
alone.>”%101213 There are, however, a subset of fractures
(up to 14%)7#1%1%715 that do not heal well or go on to
malunion without surgical intervention. It is important
to identify this subset of more complex fractures to
ensure timely referral to, and management by, a hand
surgeon to optimize clinical outcomes.

Rates of referral are likely influenced by a range of fac-
tors, including primary care provider discomfort, provider
risk aversion, and parental pressures. However, given that
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few pediatric fractures require surgery, a reliable method
for discriminating between simple fractures with predict-
ably good clinical outcomes and complex fractures requir-
ing the expertise of a hand surgeon might help facilitate
expedient and cost-effective care of these patients. This
in turn might reduce burden on health care systems by
reducing strain on waitlists and reducing cost of care while
also decreasing inconvenience to these children and their
parents.'*'” Such a prediction tool could potentially be
incorporated into a clinical care pathway for triaging and
managing pediatric hand fractures. This pathway would
optimize health care resources by aligning patients with
the appropriate level of care at the right place and time. A
key pre-requisite to such a pathway would be the ability of
a referring physician to accurately discriminate between
fractures that require specialized care by a hand surgeon
(high-risk or “complex” fractures) and those that do not
(low-risk or “simple” fractures). With this in mind, the
objective of this study was to derive and internally vali-
date a prognostic prediction model for complex pediatric
hand fractures that require referral to a hand surgeon.

MATERIALS AND METHODS

A clinical registry was used to identify consecutively
referred children (<18 years) to a single-center, tertiary
hospital’s pediatric hand surgery clinic with a diagnosis
of hand fracture between January 1, 2013 and December
31, 2014. Consistent with other Canadian centers, all hand
surgeons at this institution are plastic surgeons and are
referred to as hand surgeons hereafter. A hand fracture
was defined as a radiographically confirmed fracture distal
to the carpus. Patients were excluded if they had a wrist
fracture without an accompanying hand fracture, a soft
tissue injury without an accompanying hand fracture, a
complete amputation or incomplete chart information. If
a patient had multiple fractures from a single injury, each
fracture was counted as an independent entry.

Alist of 20 candidate predictor variables was identified
a priori from the pediatric hand fracture literature within
3 broad categories: demographic, physical exam, and
radiologic variables. (See Supplemental Digital Content 1,
(A) Candidate predictor variables. http://links.lww.com /
PRSGO/B632.) Demographic and physical exam vari-
ables were collected from electronic and paper medical
charts. Radiographic variables were assessed by the study
team on AGFA Impax 6 (AGFA HealthCare NV, 2009,
Belgium), and the hospital’s picture archiving and com-
municating system.

The outcome of interest was “complex fracture
requiring specialized care by a hand surgeon” (hereafter
referred to as complex fracture). Complex fracture was a
composite outcome defined as (1) fractures that required
surgery (defined as any procedure under general anesthe-
sia or any internal fixation), (2) fractures that required
closed reduction (by any provider, not limited to a hand
surgeon, before or after referral) or (3) fractures that
required four or more appointments with a hand surgeon.
Four or more appointments were chosen as a surrogate
threshold indicator of fracture complexity. A proportion
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of high-risk fractures heal without surgery or closed reduc-
tion, but these fractures need to be closely followed by a
hand surgeon in the interim and it was hypothesized that
4 or more appointments would capture this subset of frac-
tures. A simple fracture was defined as any fracture that
did not meet the criteria for complex fracture. All patients
were followed from referral to June 1, 2017 to determine
if the fracture was defined as complex or simple.

Initially, the proportion of complex fractures for each
of the candidate variables was examined. Statistically sig-
nificant differences were identified by the Mann-Whitney
U test for non-parametric variables and chi-squared test for
categorical variables. Next, collinearity was assessed using a
correlation matrix (|r| > 0.8'%) and then univariate analyses
for each independent candidate variable was performed
using logistic regression, where a Wald test P value of <0.1
was considered significant. A subset of candidate variables
was then selected (angulation, condylar involvement, dislo-
cation or subluxation, displacement, intra-articular, open,
and rotation—ie, abnormal cascade of the digits), guided
by the significant predictors from the univariate analyses
as well as expert consultation, for multivariable logistic
regression using complete-case analysis. Variables were
removed one-at-a-time using stepwise backwards elimina-
tion of the candidate predictor variable with the high-
est Wald test P value. Each time a variable was removed,
the model’s Akaike information criterion and Bayesian
information criterion were assessed. Variable elimination
stopped when either (1) Akaike information criterion and
Bayesian information criterion values both increased com-
pared with the previous model or (2) all variables had a
Wald test P value of <0.05. The model was internally vali-
dated using bootstrapping, with 1000 repetitions for each
step of the model-building procedure. Once variable elimi-
nation had been completed, estimated regression coeffi-
cients and odds ratios (OR) with 95% confidence intervals
(CI’s) for each included variable were reported.

Model performance was evaluated using concordance
statistic (C-statistic) for discrimination and a Cox calibra-
tion curve for calibration. Bootstrap-adjusted regression
coefficient estimates, adjusted 95% CI’s, and adjusted
C-statistic as well as a shrinkage factor were reported."

Following the framework that Sullivan et al outlined
for the Framingham Study in 2006,” the multivariable
regression model was then converted into an integer
points score. The predictor variable with the lowest regres-
sion coefficient estimate acted as the baseline reference
and was assigned a value of 1 point. All other points were
assigned relative to this baseline reference depending on
the magnitude of difference of each regression coefficient
estimate. Next, the points score was used to develop a risk
index for prediction of complex fracture. A threshold with
a sensitivity above 95% was chosen because it has been
argued that few physicians would tolerate missing more
than 5% of outcomes.?"** Creating a risk index introduced
a measure of error as relatively exact regression coeffi-
cient estimates from the model were translated into inte-
ger point values for the risk index. Thus, following the
development of the risk index, model performance was
re-evaluated.
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Sensitivity analyses were performed. The first sensitiv-
ity analysis investigated varying thresholds for number of
hand surgeon appointments. The second sensitivity analy-
sis investigated the individual components within the
composite outcomes of complex fracture (surgery, closed
reduction, and four or more appointments with a hand
surgeon) by creating three additional models, one for
each surgery, closed reduction, and four or more appoint-
ments with a hand surgeon.

RESULTS

There were 1045 patients, who had 1172 fractures,
included in this study. Of the 1172 hand fractures, 417
(35.6%) met the criteria for a complex fracture requir-
ing specialized care. Surgery was the final management in
115 fractures (9.8%), and most surgeries were performed
under a general anesthetic (88.7% of surgical fractures).
One quarter of all hand fractures required a closed reduc-
tion (25.1%). One hundred and two fractures required 4
or more appointments with a hand surgeon (8.7%). The
median number of appointments for all fractures was 2
(Inter-quartile range: 1-3).

The median patient age was 13 years (interquartile
range: 10-14). There was no significant difference
between those hand fractures that met the criteria for
complex fracture and those that did not meet the criteria
(ie, simple fractures) with regard to patient demograph-
ics (age, level of education, and gender). There were
several significant differences observed with respect to
fracture type and radiographic findings between complex
fractures and simple fractures, such as bony location (P <
0.001), displacement (P< 0.001), and rotation (P< 0.001)
(Table 1).

Main Results

Of the 1172 fractures, 1170 fractures were available
for complete-cases analysis for univariate and multivari-
able logistic regression analysis (See Supplemental Digital
Content 1, (B) Estimated univariate odds ratios and 90%
confidence intervals and estimated unadjusted multivari-
able prediction model odds ratios and 95% confidence
intervals for complex fracture. http://links.Jlww.com/
PRSGO/B632.). A multivariable logistic regression model
using bootstrapping identified 6 significant predictors of
complex fracture, 2 from physical exam: open fracture
(“open”) and rotational deformity (“rotation), and 4 from
radiograph: angulation of fracture fragments on any x-ray
view (“angulation”), condylar involvement, dislocation or
subluxation, and displacement (Fig. 1, Table 2).

Model discrimination was strong (C-statistic = 0.88)
and well calibrated with a Pearson y? P value of 0.935
(Fig. 2). The shrinkage factor was 0.96, and the bootstrap-
adjusted C-statistic was 0.87.

To convert the prediction model into a points system,
mild displacement, with an estimated regression coef-
ficient of 0.51, acted as the reference variable. Integer
points were then assigned to the remaining predictor
variables based on the magnitude of their regression
coefficients (Table 2). Individual fractures thus could

receive a score (sum of scores for each predictor) from
0 to 19 points. Finally, the points system was translated
into a risk index for predicting complex fractures. A
graph of the number of fractures and the probability
of a complex fracture requiring specialist care based
on points score was reported (Fig. 3). The majority of
fractures had a low point score, and few fractures had a
point score over 12.

Different risk index points thresholds were trialed
and ultimately, a threshold of 21 point was selected to
yield a sensitivity > 95%.2"** With a threshold of 21 point,
the risk index had a sensitivity of 96.4%, a specificity of
45.5%, a positive likelihood ratio of 1.77, and a nega-
tive likelihood ratio of 0.079. (See Supplemental Digital
Content 1, (C) Risk indices’ performance at different
points thresholds for complex fracture. http://links.
Iww.com/PRSGO/B632.) Using this threshold, 63.6%
of the fractures were correctly classified: 401 of the 416
(96.4%) complex fractures were identified as such, and
343 of the 754 (45.5%) simple fractures were identified
as such. Conversely, 15 complex fractures (3.6%) were
misclassified as simple (ie, false negatives, Table 3) and
411 simple fractures (54.5%) were misclassified as com-
plex (ie, false positives).

Notably, a threshold of 21 point effectively rendered
the ordinal categorization within predictor variables irrel-
evant. The degree of angulation and the amount of dis-
placement became superfluous information. That is, if a
fracture had any one predictor present, it was predicted
“high risk” of being a complex fracture. This allowed for
the creation of a simple risk index tool whereby physicians
could check off any positive predictor (Fig. 4). The pres-
ence of any single predictor thus reaches a threshold of >1
pointidentifying the fracture as a complex fracture requir-
ing specialist care. The discrimination of this risk index
was also strong (C-statistic = 0.87) and was not statistically
different than the prediction model based on regression
coefficients (P=0.475).

Finally, sensitivity analyses for varying numbers of
hand surgeon appointments as well as each individual
component of the composite outcome (surgery, 4 or
more appointments with a hand surgeon, and closed
reduction) all showed similar model performance. (See
Supplemental Digital Content 1, (D) Estimated regression
coefficients, odds ratios, and 95% confidence intervals
for varying number of hand surgeon appointments; (E),
varying Number of Hand Surgeon Appointments; (F),
estimated regression coefficients, odds ratios, and 95%
confidence intervals for individual component outcomes;
(G) Individual component outcomes prediction models’
performances. http://links.lww.com/ PRSGO /B632.).

DISCUSSION

A clinically useful prediction model to identify com-
plex pediatric hand fractures requiring specialist care
was derived and internally validated. The final model
contained 6 predictors of complex fracture with strong
discrimination and calibration. To facilitate clinical use,
a scoring system was created in which each of the 6 predic-
tors was assigned a point value proportional to its level of
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Table 1. Baseline Characteristics for Each Pediatric Hand Fracture
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Type of Fracture

Overall No. (%)
No. (%) Complex Simple
Variable (n=1172) (n =416) (n =755) P
Age (y) Median 13 13 (10, 15) 13 (10, 14) 0.180
(IQR 10, 14)
Level of education Preschool (0-5y) 88 (7.51) 50 (9.11) 38 (6.62) 0.092
Primary (6-11y) 350 (29.86) 111 (26.62) 239 (31.66)
Secondary (12-17y) 734 (62.63) 267 (64.27) 467 (61.72)
Gender Men 821 (70.05) 302 (72.66) 519 (68.61) 0.147
Mechanism of injury Ball games 406 (34.56) 127 (30.46) 279 (36.82) 0.022
Fall 201 (17.24) 68 (16.55) 133 (17.62)
Punch 132 (11.26) 60 (14.39) 72 (9.54)
Winter sport 107 (9.13) 31 (7.43) 76 (10.07)
Crush 105 (8.96) 41 (9.83) 64 (8.48)
Other 203 (17.32) 81 (19.42) 122 (16.16)
Mlssm§ 18 (1.54) 8 (1.92) 0 (1.32)
Season Spring 276 (23.57) 105 (25.18) 171 (22.68) 0.427
Summer? 275 (23.57) 4 (22.78) 181 (24.01)
Fall® 363 (30.91) 119 (28.53) 244 (32.22)
Winter! 257 (21.95) 98 (23.50) 159 (21.09)
Side Left 535 (45.64) 192 (46.04) 343 (45.42) 0.837
Soft tissue injury None 853 (72.78) 308 (74.04) 545 (72.19) <0.001
Ligament or volar plate 107 (9.13) 8 (4.32) 9 (11.78)
Tendon or mallet 58 (4.95) 16 (3.84) 42 (5.56)
Dislocation/subluxation 33 (2.82) 27 (6.47) 6 (0.79)
Nail bed 19 (1.62) 9 (2.16) 10 (1.32)
Laceration 17 (1.45) 7 (1.98) 10 (1.39)
Missing 85 (7.25) 31 (7.45) 53 (7.02)
Bony location Thumb metacarpal 81 (6.91) 27 (6.47) 54 (7.15) <0.001
Finger metacarpals 297 (25.43) 93 (22.54) 204 (27.02)
Thumb proximal phalanx 126 (10.75) 33 (7.91) 93 (12.32)
Finger proximal phalanges 341 (29.10) 170 (40.77) 171 (22.65)
Finger middle phalanges 169 (14.42) 36 (8.63) 138 (17.63)
Thumb distal phalanx 0 (0) 0 (0) 0 (0)
Finger distal phalanges 158 (13.40) 57 (13.67) 101 (13.25)
Multiple fractures Present 168 (14.16) 54 (12.95) 114 (14.83) 0.376
Epiphyseal fracture pattern Absent 659 (56.31) 257 (61.87) 402 (53.25) 0.004
Salter-Harris I 24 (2.05) 3 (0.72) 1 (2.78)
Salter-Harris 11 346 (30.20) 125 (30.70) 221 (29.93)
Salter-Harris 11T 117 (9.22) 24 (5.04) 3 (11.52)
Salter-Harris IV 21 (1.79) 4 (0.96) 17 (2.25)
Salter-Harris V 5 (0.43) 3 (0.72) 2 (0.26)
Non-epiphyseal fracture pattern Absent 513 (43.77) 160 (38.36) 353 (46.75) 0.234
Transverse 243 (20.73) 118 (28.37) 125 (16.56)
Oblique/spiral 228 (19.54) 76 (18.27) 152 (20.13)
Avulsion 107 (9.13) 29 (6.97) 8 (10.33)
Tuft 45 (3.84) 14 (3.36) 1 (4.11)
Comminuted 35 (2.99) 19 (4.57) 6 (2.12)
Intra-articular fracture Present 273 (23.21) 105 (25.24) 168 (22.25) 0.240
Condylar fracture Present 71 (6.06) 48 (11.54) 23 (3.05) <0.001
Thirds Proximal 698 (59.56) 216 (51.92) 482 (63.84) <0.001
Middle 132 (11.26) 54 (12.98) 78 (10.33)
Distal 339 (28.92) 146 (35.10) 193 (25.56)
All 3 (0.26) 0 (0) 3 (0.40)
Displacement None 497 (42.41) 8 (18.75) 419 (55.50) <0.001
Mild! (<2mm) 404 (34.47) 145 (34.86) 259 (34.30)
Moderate (2-3.99 mm) 235 (20.05) 157 (37.74) 78 (10.33)
Severe (24 mm) 36 (3.07) 36 (8.65) 0 (0)
Angulation on anterior-posterior x-ray None 846 (72.18) 203 (48.80) 643(85 17) <0.001
Mild (<bdegrees) 49 (4.18) 23 (5.53) 6 (3.44)
Moderate (5-14.99 degrees) 136 (11.60) 87 (20.91) 9 (6.49)
Severe (215 degrees) 141 (12.03) 103 (24.76) 8 (5.03)
Angulation on lateral x-ray None 827 (70.56) 189 (45.43) 6%8 (84.50) <0.001
Mild (<5degrees) 42 (3.58) 17 (4.09) 25 (3.31)
Moderate (5-14.99 degrees) 110 (9.39) 72 (17.31) 38 (5.03)
Severe (215 degrees) 193 (16.47) 138 (33.17 55 (7.28)
Shortening Present 227 (19.37) 151 (36.30) 76 (10.07) <0.001
Rotation (abnormal cascade of digits) Present 102 (8.70) 3 (22.306 9 (1.19) <0.001
Open fracture Present 52 (4.44) 37 (8.89) 15 (1.99) <0.001

‘Mann-Whitney or chi-squared test.

'Spring included months March, April, and May.
*Summer included months June, July, and August.

SFall included months September, October, and November.
IWinter included months December, January, and February.

IMillimeters.
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log(odds of complex fracture) =

—2.62 + (0.78 = mild angulation) + (1.93 * moderate angulation)

+ (2.37 = severe angulation) + (1.42 * condylar involvement)
+ (2.30 = dislocation or subluxation) + (0.51 * mild displacement)

+ (1.73 * moderate or severe displacement) + (1.92 = open) + (2.19 = rotation)

Fig. 1. Prediction model with regression coefficients and model intercept for complex fracture.

Table 2. Bootstrap-adjusted Multivariable Logistic Regression Model for Complex Fracture and Conversion into a Points

System (n =1170)

Bootstrap-adjusted OR*

Bootstrap-adjusted f*

Variable [95%CI]" [95%CI] Calculation Points
Angulation
Absent Reference Reference 0
Mild (<5 degrees) 2.18 [1.08-4.40] 0.78 [0.076-1.48] 0.78/0.51 = 1.96 2
Moderate (5-14.99 degrees) 6.90 [4.49- 0.61] 1.93 [1.50-2.36] 1.93/0.51 = 3.78 4
Severe (215 degrees) 10.73 [7.21-15.97] 2.37 [1.98-2.77] 2.37/0.51 = 4.65 5
Condylar
Absent Reference Reference 0
Uni- or bi-condylar 4.14 [2.13-8.05] 1.42 [0.76-2.09] 1.42/0.51 =2.78 3
Dislocation or subluxation
Absent Reference Reference 0
Present 9.93 [3.40-28.99] 2.30 [1.23-3.37] 2.30/0.51 = 4.51 5
Displacement
Absent Reference Reference 0
Mild¥ (<2mm) 1.66 [1.14-2.42] 0.51 [0.13-0.88] 0.51/0.51=1 1
Moderate to severe (=2 mm) 5.64 [3.69-8.62] 1.73 [1.31-2.15] 1.73/0.51 = 3.39 3
Open
Absent Reference Reference 0
Present 6.80 [3.15-14.66] 1.92 [1.15-2.69] 1.92/0.51 = 3.76 4
Rotation (abnormal cascade of digits)
Absent Reference Reference 0
Present 8.92 [3.98-19.99] 2.19 [1.38-3.00] 2.19/0.51 =4.29 4
Constant 0.073 [0.053-0.10] -2.62 [-2.94 to —2.29]
Shrinkage factor 0.96

*Estimated odds ratio.

'95% confidence interval.
‘Estimated regression coefficients.
SMillimeters.

risk. Selecting a threshold of 21 point resulted in a risk
index with 96.4% sensitivity.

We hope to incorporate this prediction model into a
clinical care pathway whereby emergency and urgent care
physicians can apply the risk index tool during their ini-
tial assessment of a hand fracture, noting the presence or
absence of each predictor. If any one of the 6 predictors are
present, the fracture would be predicted as “complex,” for
which referral to a hand surgeon would be recommended.
Otherwise, the fracture would be predicted as “simple,” for
which referral to a hand surgeon would not be required.
The latter simple fractures would, according to the clini-
cal care pathway, be managed by a non-specialist, likely
region-specific, such as a family doctor or allied health
care provider, with access to a hand surgeon for advice
as required. Although this risk index tool still requires
further external validation and impact analysis, we view
it as a first step toward developing an efficient, patient-
centered care pathway for pediatric hand fractures that
would improve patient flow, optimize patient satisfaction,
maintain or improve patient outcomes, and reduce bur-
den on health care resources. This pathway would include
standard 3-view hand radiographs and physical examina-
tion for assessment, as well as step-by-step instructions and
guidelines for re-evaluation at different time points (ie,
ongoing pain, failure to achieve full range of motion) for
patients and families with simple hand fractures.

The 6 predictors included in the prediction model are
commonly cited characteristics of fracture severity and, in
the absence of surgery or other specific nonoperative man-
agement, increase the risk of complication or a less than
optimal outcome. Fracture angulation, displacement, and
malalignment may lead to malunion, altered range of
motion, and reduced hand function through altered ten-
don excursion, changes in loading force, and shortened
long axes. Condylar involvement has potential impact
on joint function; anatomic alignment at the condyles
is important for recovery of a patient’s range of motion
and minimizing the risk of arthritic changes."* Similarly,
fractures with dislocations or subluxations can affect joint
function due to joint malalignment or loss of ligamen-
tous stability. Open fractures have an increased poten-
tial for infection and may be associated with more severe
mechanisms of action such as crush injuries. Rotational
deformities are not corrected by fracture remodeling and
therefore may result in hand dysfunction. As such, each
predictor was both statistically significant and clinically
logical for inclusion in the model.

Two variables that were not found to be significant
in the prediction model but receive attention in the lit-
erature are growth plate fracture patterns and concomi-
tant soft-tissue injuries (eg, tendon or ligament injuries).
Although half of the fractures in this study involved the
growth plate, the majority of these epiphyseal fractures
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were Salter-Harris (SH) type II fractures, and thus this
study may have been underpowered to detect an associa-
tion between the other specific SH fracture types and com-
plex fracture (SH type I n = 3, SH type II n = 346, SH type
IIT n = 24, SH type IV n = 4, SH type V n = 3). Regarding
the variable concomitant soft-tissue injury, those soft-
tissue injuries that are less worrisome, such as a small
volar plate avulsion, rarely have any of the six predictors
present, whereas those soft-tissue injuries that are more
worrisome, such as a large bony mallet or other large avul-
sion fractures, virtually always have at least one of the 6

6

predictors present. Thus, clinically important fractures
with concomitant soft-tissue injuries are likely captured by
the prediction model without requiring the variable soft-
tissue injury to be explicitly included in the model.
Strengths of this study include its methodologic rigor,
with TRIPOD guidelines for development of prediction
models followed to ensure accuracy, consistency, and
transparency in reporting results.”* Of the 6 predictors
included in the prediction model, many estimated regres-
sion coefficients had large effectsizes (eg, rotation OR 8.17
[95% CI 3.52-22.59]) and ordinal predictors displayed a
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Table 3. Description of All 15 False Negative Fractures (Fractures That Did Not Have Any of the 6 Predictors Present but
Required at Least One of Closed Reduction, Surgery, or Four or More Appointments with a Hand Surgeon)

Gender Age (y) Fracture Description Closed Reduction Surgery 4 or More Appointments
Woman 1 Crush injury with tuft fracture — — YES
Man 13 Thumb ulnar collateral ligament fracture YES — —
Woman 14 Finger volar plate avulsion fracture — — YES
Woman 9 Crush injury to thumb proximal phalanx YES — —
Man 6 Salter-Harris II fracture of distal phalanx — — YES
Man 11 Salter-Harris II of finger proximal phalanx YES — —
Woman 13 Finger volar plate avulsion fracture YES — —
Man 13 Oblique fracture of finger distal phalanx YES — —
Man 12 Salter-Harris II of finger proximal phalanx YES — —
Man 11 Salter-Harris II of finger proximal phalanx YES —

Man 15 Finger volar plate avulsion fracture YES — —
Woman 15 Crush injury with tuft fracture — YES —
Woman 12 Salter-Harris III of thumb proximal phalanx YES — YES
Man 12 Salter-Harris II of finger proximal phalanx YES* — —
Man 10 Crush injury with tuft fracture and nail bed injury — YES YES

*All closed reductions performed by Emergency Department physicians except for false negative patient 14, whose closed reduction was performed by the hand

surgeon.

Alberta Children’s Hospital
CALGARY KIDS' HAND RULE

We are trialing a method to classify pediatric hand fractures as “simple” or “complex .*
A “complex” fracture is identified by the presence of any one of the following (tick if present):

PHYSICAL EXAM: IOGRAPH:

Angulation

Condylar involvement
Dislocation or Subluxation
Displacement®

*does not include *simple* displaced avulsian frocture frogments < 2mm

O simee I

I If none present, please tick:

Note: This is a quality improvement study and thus completing this form does not preclude or prevent
any standard patient management (e.g. closed reduction).

Fig. 4. Example of a clinical tool adapted from the prediction model for complex fractures with a threshold of >1 point and how to apply

this clinical tool using a sample radiograph.

logical, clinically appropriate gradient. The risk index ver-
sion of the prediction model with only 6 predictors and a
threshold of >1 point (thus the presence of any one of the
predictors predicts a fracture as complex) makes for a very
simple, easy-to-use rule. The 2 physical examination and 4
radiographic predictors are readily identifiable during a
standard assessment of a suspected hand fracture, which
includes history, physical examination, and a radiograph.
Unlike many prediction models, no additional, expensive,
or time-consuming tests are required.

Of the 1170 fractures, there were 15 false negatives
observed and 411 false positives (that is, 411 simple frac-
tures that would have been predicted to require the special
expertise of a hand surgeon unnecessarily). The high num-
ber of false positives is a reflection of the risk index tool’s
high sensitivity; to minimize false negatives, the tool must
be overly inclusive in its prediction of “complex” fractures.
Although the tool produced 411 false positives, it correctly
identified 343 simple fractures. All prediction models
represent a balance between sensitivity and specificity. As
this tool is to be used for screening or triage, maximizing

sensitivity will decrease the risk of false negatives while
accepting the corollary of increased false positives.

Closer inspection of the false negatives (Table 3) shows
that of the fractures that required closed reduction, some
of these fractures did not have pre-reduction radiographs
available, and thus, these fractures’ predictors were col-
lected from the postreduction radiograph. This would
have resulted in a potential false absence of predictors,
especially predictors that would be ameliorated by a suc-
cessful closed reduction, such as angulation and displace-
ment. Prospective use of the prediction model would
resolve this issue. Of the fractures that required surgery,
both were tuft fractures and were operated on for the soft
tissue component of the injury (ie, to repair the nailbed).
These fractures were incorrectly recorded as closed frac-
tures and should have been identified as “open.” Of the 5
fractures that required 4 or more appointments with the
hand surgeon, 2 were tuft fractures (requiring postopera-
tive dressings and follow-up secondary to nailbed repair), 1
was a proximal phalanx fracture that also required a closed
reduction, and one was a SH II distal phalanx fracture.



Limitations of the study include its retrospective nature,
in which the outcome measure, complex fracture, was
determined using the proxy measures: required surgery,
closed reduction, or 4 or more appointments with a hand
surgeon. Also, because of the study’s retrospective nature,
there was no ability to look at clinical outcomes, such as
range of motion, presence or absence of pain or patient
satisfaction. Because 4 of the predictors are radiographic
findings, there is a risk of interrater variability, particu-
larly with angulation and displacement measurements.”*
On the other hand, the risk index version of the predic-
tion model which has a threshold of >1 point, renders the
predictors as binary (present or absent), which would be
expected to reduce interrater reliability for the measure-
ment of angulation and displacement. Finally, this study
was conducted within a referred patient population, pos-
sibly reducing its generalizability to other clinical settings.
However, the baseline characteristics of the study sample
and the proportion of surgeries in this study (9.81%) were
similar to those of the previous studies that looked at both
referred and community patient populations.”*!%!2-1°

In summary, a simple, yet high-performing and clini-
cally useful decision support tool was developed for use
by emergency and urgent care physicians providing initial
assessment and care for children with acute hand frac-
tures. This tool uses the presence or absence of any one of
the 6 clinical or radiologic predictors to classify fractures
as simple or complex; a point threshold of >1 identifies
complex fractures for which the expertise of a hand sur-
geon is indicated. Although this tool still requires external
validation, it is hoped that it will ultimately be incorpo-
rated into a clinical care pathway, which in turn will guide
appropriate referral and treatment of these patients.
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