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Purpose: The presence of soft tissue injury in pediatric supra-
condylar humerus fractures (SCHFs) has been shown to be an
independent predictor of any neurovascular injury. Potentially
expanding this concept, the specific neurovascular structure in-
jured around the elbow is thought to be dependent upon the
direction and magnitude of fracture displacement and sub-
sequent soft tissue injury. Therefore, it was hypothesized that the
bruise location following SCHF is indicative of the anatomic
location of maximal soft tissue injury and therefore is a specific
prognosticator of which neurovascular structure may be injured.
Methods: Retrospective chart review of all SCHFs treated at a
tertiary pediatric hospital from 2007 to 2017 collected information
on bruise location, neurovascular injury patterns, and outcomes.
Bruise location was classified as anterior, anterolateral, ante-
romedial, or posterior. Injury radiographs were reviewed by a

blinded pediatric orthopaedic surgeon to neurovascular structure
injured.
Results: Of 2845 SCHFs identified, 267 (9.4%) had concomitant
neurovascular injury—of which 128 (47.9%) met inclusion criteria.
Among the vascular injuries, all bruising was anteromedial (28/45,
62.2%, P< 0.05) or anterior (17/45, 37.8%, P>0.05). Fractures with
anteromedial bruising correlated with median nerve injury (24/27,
88.9%, P<0.05), whereas fractures with anterolateral bruising
correlated with radial nerve injuries (24/25, 96.0%, P<0.05).
Bruising or radiographic evaluation correctly identified 60.2% and
64.1% of neurovascular injuries, respectively, whereas the combi-
nation identified 82.0% of neurovascular injuries correctly. Bruise
location identified 23 neurovascular injuries not predicted by
radiographic evaluation alone.
Conclusion: Bruise location is an important physical examination
finding that can be used as an adjunct to improve the diagnostic
accuracy of neurovascular injury in SCHFs in conjunction with
neurovascular physical examination and radiographic evalua-
tion. SCHFs with anterior or anteromedial bruising should raise
concern for vascular injury. In addition, anteromedial bruising is
predictive of a median nerve injury and anterolateral bruising is
predictive of radial nerve injury. This adjunct diagnostic is par-
ticularly helpful in a noncooperative child or if performed by a
clinician with limited experience in diagnosing neurovascular
injuries or interpreting pediatric elbow radiographs.
Level of Evidence: Level IV, case series.
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Supracondylar humerus fractures (SCHFs) are among the
most common pediatric fractures1–3 requiring operative

treatment4–6 and vary widely in severity. Fractures with
minimal cortical disruption and displacement rarely damage
surrounding structures; however, in more severe SCHFs,
concomitant neurovascular injury often occurs.7–9 Nerve
and, more so, vascular injuries are worrisome concomitant
injuries in SCHFs given their potential for devastating
complications10–12 and impaired recovery.13–16 Therefore,
triage of SCHFs requires determination of neurovascular
injury. However, neurovascular examination of distressed
and/or young children requires experience and is at times
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unattainable.17 Additionally, radiographs are limited in their
ability to predict neurovascular injury as the distal fracture
fragment often settles in a position that does not indicate the
maximum magnitude or direction of displacement at the
instant of injury. Thus, adjunct physical examination findings
that require minimal provider experience or patient coopera-
tion are required to triage SCHFs regarding neurovascular
injury.

Damage to soft tissues including neurovascular
structures occurs via disruption of the protective layer of
periosteum caused by displacement of the distal fracture
fragment.6,18,19 As such, soft tissue injury, such as bruis-
ing, often occurs in an anatomic location opposite the
direction of distal fragment displacement. Previous work
has determined that the presence (vs. absence) of soft tis-
sue injury in SCHFs predicts any neurovascular injury.20

Expanding on this concept and finding, it is hypothesized
that the anatomic location of bruising indicates the ana-
tomic location of the maximal soft tissue injury and
therefore prognosticates which neurovascular structure
may be injured. While this concept has been suggested,6

no study exists to date that correlates the bruise location
with a specific nerve or vascular injury.

In the initial test of this hypothesis, we set out to de-
termine if the bruise location associated with a specific nerve
or vascular injury in a retrospective cohort of SCHFs with
either nerve or vascular injury in which the anatomic loca-
tion of the bruising was recorded. In addition, we assessed
the utility of bruise location in conjunction with radiographic
evaluation to predict the presence of specific nerve or
vascular injuries preoperatively.

METHODS
Using an institutional Research Derivative database

with Institutional Review Board approval (IRB #171899),
patients aged 0 to 16 treated for SCHF at a tertiary child-
ren’s hospital between November/2007 and October/2017
were identified via CPT codes and retrospectively reviewed.
Data regarding injury patterns (based on classification21 in
operative reports or nonoperative diagnosis by the senior-
most treating orthopedist), radiographs, evaluation, man-
agement, and long-term outcomes were collected from the
electronic medical record (EMR). All data were deidentified
and managed using REDCap data collection tools.22,23

Bruising patterns were recorded as described by or-
thopaedic house-staff or surgeon documentation. The loca-
tion of the bruise was categorized as anterior, anterolateral,
anteromedial, or posterior. Fractures without bruising
present or bruising location documented were excluded.

Patients with preoperative neurovascular injuries
documented were identified via physician diagnosis and
documented physical examination. Neuropraxias were
categorized as ulnar, radial, or median nerve injuries.
These were verified at presentation and each subsequent
follow-up appointment for validity. Sensory-only nerve
injuries were excluded as they were transient and typically
nonspecific to a nerve distribution. Patients with floating
elbow type fractures were excluded due to the possible

confounding of neurovascular injury caused by a distal
fracture. Vascular injuries were included if there was
documentation of either non-palpable pulses or decreased
doppler signal on vascular examination preoperatively.

Radiographs from the time of injury were collected
and blinded for review by a pediatric orthopaedic surgeon
(N.L.). The reviewer was asked to predict the neuro-
vascular structure injured using imaging alone, from the
following options: median nerve/vascular injury, radial
nerve injury, ulnar nerve injury, and indeterminate. Re-
sults were used to determine the capacity of radiographic
evaluation to predict specific neurovascular injury in an
idealized population of known neurovascular injuries. For
this radiographic review, median nerve and vascular injury
were pooled as they are found in similar anatomic loca-
tions. Fractures without standard anteroposterior and
lateral injury radiographs were excluded.

To evaluate correlations between bruise location and
neurovascular injuries, a series of contingency tables were
constructed with a single neurovascular injury and bruising
pattern versus all others (ie, anteromedial bruising vs. all
other bruising patterns by median nerve injury vs. all other
neurovascular injuries). Pearson χ2 tests were used to calcu-
late a χ2 value for each contingency table, which were then
used to calculate the φ coefficient for categorical correlation.
φ coefficients were interpreted according to Akoglu.24

Specificity calculations were also performed. All statistical
calculations and figures were generated with GraphPad
Prism version 8.0.0 (http://www.graphpad.com).

RESULTS
In total, 2845 SCHFs were identified. Of these, 267

(9.4%) patients had a concomitant neurovascular injury
(Fig. 1), including 140 patients (4.9%) with nerve injuries,
48 (1.7%) with combined nerve and vascular injuries, and
38 (1.3%) with isolated vascular injuries (Fig. 2). A total of
39 patients were excluded from subsequent analysis for

FIGURE 1. Inclusion criteria. All supracondylar humerus fractures
during the study period were identified. Fractures were excluded as
depicted. Fractures with concomitant nerve and vascular injury
(N=28) were included in the vascular injury cohort. SCHF indicates
supracondylar humerus fractures.
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experiencing sensory-only neurovascular injuries (N= 24)
or floating elbow injuries (N= 15), resulting in a cohort of
228 patients (Fig. 1).

To determine the utility of bruise location and ra-
diographic evaluation to predict the presence of specific
nerve or vascular injuries pre-operatively, all patients ne-
cessitated both standard radiographs and bruising doc-
umentation at admission. Across all SCHFs (N= 2845),
bruising was documented in only 9.7% of cases. However,
when considering fracture severity, the incidence of
bruising documentation was markedly greater (22.8%) in
patients with Gartland type 3+ SCHFs, mirroring the
increased incidence of neurovascular injuries (Fig. 2,
Supplemental Table 1, Supplemental Digital Content 1,
http://links.lww.com/BPO/A443). Of the 228 patients with
concomitant neurovascular injury, 128 (56.1%) had ra-
diographic images and bruising location documented. This
final study cohort included 83 (64.8%) isolated nerve in-
juries and 45 (35.2%) vascular injuries with (N= 28) or
without (N= 17) concurrent nerve injuries (Fig. 3).

Among the vascular injuries, 17 (37.8%) had anterior
bruising and 28 (62.2%) had anteromedial bruising. No
patients with vascular injury had documented anterolateral
or posterior bruising. Thus, in fractures with known

neurovascular injury, anteromedial bruising had a very
strong positive association with vascular injury (φ> 0.25,
Fig. 3) and anterolateral bruising had a very strong
negative association with vascular injury (φ> 0.25,
Fig. 3). The specificities for anterior and anteromedial
bruising for vascular injury among all supracondylar
fractures with neurovascular injury were 0.663 and 0.675,
respectively. All 28 fractures with combined nerve and
vascular injuries involved median nerve injury.

Of the 83 patients with isolated nerve injuries, 27
(32.5%) had anteromedial bruising, 28 (33.7%) had anterior
bruising, 25 (30.1%) had anterolateral bruising, and 3
(3.6%) had posterior bruising. Of patients with ante-
romedial bruising, 88.9% (24/27) had median nerve injury,
0.0% had radial nerve injury, and 11.1% (3/27) had ulnar
nerve injury. Thus, in fractures with known nerve injury,
anteromedial bruising had a very strong positive associa-
tion with median nerve injury and a very strong negative
association with radial nerve injury (φ> 0.25, Fig. 4). The
specificity of anteromedial bruising for median nerve injury
among all SCHFs with nerve injuries was 0.939.

Of the fractures with nerve injury and anterior bruis-
ing, 32.1% (9/28) of patients had median nerve injury, 64.3%
(18/28) had radial nerve injury, and 3.6% (1/28) had ulnar

FIGURE 2. Neurovascular injury and bruising by fracture type: fractures were sorted into categories by fracture type including
Gartland type 1, Gartland type 2, Gartland type 3+ (*included all Gartland type 3 fractures including Wilkins modification of the
Gartland Classification type 3a posteromedial and 3b posterolateral, flexion type, Gartland type 4, T-type supracondylar, and
metadiaphyseal junction supracondylar fractures) and unspecified supracondylar humerus fractures (SCHFs) based on either the
operative report (for operative fractures) or diagnosis by the senior-most pediatric orthopaedist who treated the fracture (non-
operative). The percentage of each category that had concurrent neurovascular injury and bruising documented are displayed.
There was a large increase in the proportion of fractures with both concurrent neurovascular injury and documented bruising as
severity of the fracture increased. Data reflects cohort after exclusion of floating elbow fractures (N=15).
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nerve injury. Thus, in fractures with known nerve injury,
anterior bruising had a moderate to strong association with
all patterns of nerve injury (Fig. 4).

Of the fractures with nerve injury and anterolateral
bruising, 4.0% (1/25) had median nerve injury, 96.0% (24/
25) had radial nerve injury, and 0.0% had ulnar nerve
injury. Thus, in fractures with known nerve injury, ante-
rolateral bruising had a very strong positive association
with radial nerve injury and a very strong negative asso-
ciation with median nerve injuries (φ> 0.25, Fig. 4). The
specificity of anterolateral bruising for radial nerve injury
among all SCHFs with nerve injury was 0.974.

Finally, of the fractures with posterior bruising, 66.7%
(2/3) had radial nerve injury and 33.3% (1/3) had ulnar nerve
injury. Given the small sample size, interpreting φ values or
specificity is difficult; however, posterior bruising did show a
strong association with ulnar nerve injury (Fig. 4).

Bruising and Radiographic Diagnosis
Examining injury radiographs from the same patient

cohort, a blinded reviewer was able to correctly predict which
neurovascular structure was injured in 64.1% (82/128) of frac-
tures. Comparatively, bruising location alone correctly pre-
dicted the neurovascular injury in 60.2% (77/128) of fractures
(Table 1). In patients where bruising did not predict the
neurovascular structure injured, radiographs correctly identified
an additional 11 vascular injuries, 5 median nerve injuries, and
12 radial nerve injuries. Likewise, in patients where radiographs
did not predict the neurovascular structure injured, bruising
correctly identified an additional 6 vascular injuries, 8 median
nerve injuries, and 9 radial nerve injuries. Thus, when

considering bruising or radiographs in tandem, this increased
the percentage of correctly predicted neurovascular injures to
82.0% (105/128) of fractures (Table 1).

DISCUSSION
Although SCHFs are common, they occur on a

spectrum of severity with many possible sequelae, in-
cluding concomitant neurovascular injury. Here, we re-
port a 9.4% rate of neurovascular injury in all SCHFs,
which is consistent with prior studies.7–9 In addition,
20.6% of Gartland type 3 or more severe SCHFs had
concomitant neurovascular injury. Ho et al20 reported that
the binary presence (or absence) of soft tissue injury “is
strongly associated with neurovascular compromise” and
“plays a critical role in assessing the severity” of SCHFs.
This study expands on these findings and illustrates the
clinical utility of a simple physical examination finding,
specific bruise location, in predicting which neurovascular
structure may be damaged. While the findings within this

FIGURE 3. Vascular injury by bruising pattern. Each bruising
pattern was tested for correlation with vascular injury (vs. any
other nerve injury without vascular injury) and arranged in a
contingency table. For each bruising location, a chi-square
value was calculated. Using the χ2 value, a φ value of catego-
rical correlation was calculated. These were displayed based on
whether they predicted a positive (red) or negative (blue)
correlation. φ values were interpreted according to Akoglu
(φ>0.25, very strong association; 0.15 < φ<0.25, strong as-
sociation; 0.1<φ<0.15, moderate association; 0.05<φ<0.1,
weak association; and φ<0.05, no or very weak association).24
*Vascular injuries with concomitant nerve injury.

FIGURE 4. Nerve injury by bruising pattern. Each bruising
pattern was paired with each category of neurological injury
and arranged in a contingency table with all other bruising
patterns and all other neurological injuries (ie, anterior bruising
vs. all other bruising patterns and median nerve injury vs. all
other neurological injuries). For each possible contingency ta-
ble, a χ2 value was calculated. Using the χ2 value, a phi value of
categorical correlation was calculated. These were displayed
based on whether they predicted a positive (red) or negative
(blue) correlation. φ values were interpreted according to
Akoglu (φ>0.25, very strong association; 0.15<φ<0.25,
strong association; 0.1<φ<0.15, moderate association;
0.05<φ<0.1, weak association; and φ<0.05, no or very
weak association).24 SCHF indicates supracondylar humerus
fractures.

J Pediatr Orthop � Volume 42, Number 3, March 2022 Bruising in Supracondylar Humerus Fractures

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. www.pedorthopaedics.com | e253



study may not be surprising, as many providers discuss
bruise location when predicting neurovascular injury in
clinical practice, currently there are no definitive studies
which corroborate this clinical intuition. Thus, this study
serves as both an important educational reminder and an
objective measure of the utility of bruise location to pre-
dict neurovascular injuries in SCHFs. In addition, this
simple adjunct diagnostic may prove clinically valuable
for the less experienced clinician considering if a patient
should be emergently transferred for a displaced SCHF.

Perhaps the most catastrophic complication of
SCHFs is vascular injury, which can pose an increased risk
of emergent complications and necessitate additional op-
erative interventions.10–12 Vascular injuries are typically
diagnosed via pulse or doppler examination.25 However,
pulse examination may be difficult to obtain in a non-
cooperative child and doppler sonography may not always

be immediately available. This study provides data re-
garding the strong association between certain bruise lo-
cations and vascular injuries. Specifically, all patients with
a vascular injury and documented bruising had anterior
(17/45) or anteromedial bruising (28/45). Furthermore,
associated median nerve injury (28/45, 62.2%) and post-
erolateral displacement of the distal fracture fragment (33/
45, 73.3%) also correlated with vascular injury. Of the 17
fractures with anterior bruising and vascular injuries, 11
had posterolateral displacement and an additional 4 ex-
perienced median nerve injury, aligning with the anatomy
of the pediatric elbow (Fig. 5B). In sum, using this
constellation of findings, 95.6% (43/45) of SCHFs with
vascular injury were retrospectively identified. Thus, if
present individually or in combination, these findings
should increase suspicion for an associated vascular injury
when evaluating SCHFs.

TABLE 1. Rate of Identification of Neurovascular Injury by Radiographic Evaluation, Bruise Location, and the Combination of Both
n /N (%)

Vascular
Injuries

Median Nerve
Injuries

Radial Nerve
Injuries

Ulnar Nerve
Injuries Total

Radiographic imaging alone 33/45 (73.3) 21/34 (61.8) 27/44 (61.4) 1/5 (20.0) 82/128 (64.1)
Bruising documentation alone 28/45 (62.2) 24/34 (70.6) 24/44 (54.5) 1/5 (20.0) 77/128 (60.2)
Radiographic imaging + bruising
documentation

39/45 (86.7) 29/34 (85.3) 36/44 (81.8) 1/5 (20.0) 105/128 (82.0)

FIGURE 5. Bruising, radiographs, and neurovascular injury of SCHFs. A, A Wilkins modification of the Gartland classification type
IIIA—posteromedial displacement fracture is shown on x-ray with lateral-sided bruising. An illustration showing this displacement is
provided with the course of the radial nerve and bruise location (purple shadowing) provided to show proximity to the proximal
humeral fracture fragment. In this study, strong association between radial nerve injury and lateral-sided bruise location was
observed (N=25). B, A Wilkins modification of the Gartland classification type IIIB—posterolateral displacement fracture is shown
on x-ray with medial sided bruising. An illustration showing this displacement is provided with the course of the median nerve,
brachial artery, and bruise location (purple shadowing) provided to show proximity to the proximal humeral fracture fragment. In
this study, strong association between median nerve injury and medial-sided bruise location was observed (N=55). C, A flexion
type fracture is shown on x-ray with posterior bruising. An illustration showing this displacement is provided with the course of the
ulnar nerve and bruise location (purple shadowing) provided to show proximity to the proximal humeral fracture fragment. In this
study, weak association between ulnar nerve injury and posterior bruise location was observed as a result of low incidence (N=3).
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In addition to vascular injuries, SCHFs with con-
comitant nerve injuries pose another diagnostic challenge.
While full recovery is expected in most patients with primarily
neurologic injury, it remains critical to correctly diagnose
and follow these patients until recovery.13–16 Currently, a
combination of directed physical examination and radio-
graphic evaluation is used to diagnose neurapraxias in chil-
dren with SCHFs. However, neurological examinations can
be difficult to perform due to patient age, pain, or anxiety.6,17

Therefore, an easily discernible physical examination finding
requiring minimal patient participation or manipulation, such
as bruise location, could improve diagnostic accuracy. Al-
though not a sensitive examination finding, this study dem-
onstrated the utility of bruise location as a specific indicator of
which neurological structure might be injured. Specifically,
this retrospective study demonstrated that medialization or
lateralization of bruising was indicative of the rotational dis-
placement in posterolateral (Wilkins modification of the
Gartland classification type IIIB) or posteromedial (Wilkins
modification of the Gartland classification type IIIA) SCHFs,
respectively (Figs. 5A, B), with strong correlations to which
nerves were injured. Unfortunately, low incidence (N=3)
limited the interpretation of the association between ulnar
nerve injury and posterior bruising (Fig. 5C). This study
provides a strong foundation for assessing the utility of bruise
location as an additional indicator of specific neurological
injury, but future multicenter prospective studies with
standardized recording of bruising patterns are needed to
further validate these results.

Finally, this study examined the use of bruising and
radiographs in conjunction to evaluate nerve injury. This is
particularly valuable when patients are transferred from
providers unaccustomed to evaluating SCHFs. Radio-
graphic evaluation consists of an AP and lateral image, but
these static, postinjury radiographs can be unreliable in their
ability to predict a nerve injury. Additional confounding
factors in the radiographic examination include difficulty in
positioning children with fractures due to pain26 and the
potential for displaced fracture fragments to return to a less
displaced resting position due to periosteal and soft tissue
tension.27 This study highlighted the difficulty of predicting
motor nerve injury via radiographic evaluation alone, with
an overall correct identification rate of 59.0% (49/83).
However, when radiographs were used in tandem with
documented bruise location, the nerve injury was correctly
identified in 79.5% (66/83) of fractures. Although never a
replacement for radiographs and neurovascular examina-
tion, bruise location can be a helpful adjunct to assist
clinicians in appropriately treating SCHFs.

Study Limitations
Due to the study’s retrospective design, there are no-

table limitations. Most importantly, all data for this study
was gathered from the EMRwithout a standardized template
for the variables of interest. Therefore, we anticipate that
many cases of bruising, particularly in more severe fracture
types, were not documented. While across the entire database
of 2845 SCHFs there were patients where bruising was
documented without location, within the cohort of patients

that experience neurovascular injury, there were no patients
that had binary documentation (yes/no) without a location
denoted. However, many documented bruises may not be
precisely documented by laterality (ie, no designation of an-
teromedial or anterolateral); thereby potentially reducing the
true capacity for which bruise location can assist clinicians in
predicting the presence of specific nerve or vascular injuries
preoperatively.

In addition, this study did not evaluate all patients with
SCHFs, but rather a specific subpopulation of patients with
confirmed neurovascular injuries. Therefore, the ability to
extrapolate these findings to any SCHF with a bruise is
limited as some fractures will not have bruising, and not
every bruise indicates a neurovascular injury. However, de-
spite these limitations, bruise location in SCHFs still provided
valuable data in predicting which neurovascular structure
was injured in a cohort of SCHFs with neurovascular injury.

CONCLUSION
Diagnosis of neurovascular injury is vital in the

management of SCHFs. This study demonstrated that the
presence of anterolateral bruising, median nerve injury, or
posterolateral displacement on radiographs are all asso-
ciated with vascular injury, and fractures with any of these
features cannot be ignored. In addition, specific anatomic
location of bruising in posterolaterally or posteromedially
displaced SCHFs can be a reliable indicator of median or
radial nerve injury, respectively, and should be included as
a valuable adjunct to radiographic evaluation and phys-
ical exam. These findings provide objective data to sup-
port the clinical intuition that the bruise location predicts
specific neurovascular injuries in SCHFs. Future pro-
spective studies are required to determine the specificity
and sensitivity of this finding.
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