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Background: Supracondylar humerus (SCH) fractures are com-
mon elbow injuries in pediatric patients. The American Academy
of Orthopedic Surgeons published guidelines for the standard of
care in the treatment of displaced SCH fractures, however, no
recommendations for follow-up care were made. With the recent
push to eliminate unnecessary radiographs and decrease health
care costs, many are questioning postoperative protocols. The
purpose of our study was to evaluate the utility of the 1-week
follow-up appointment after closed reduction and percutaneous
pinning (CRPP) of displaced SCH fractures.
Methods: A retrospective review performed at a single institution
from 2014 to 2016 included patients under 14 years of age with a
closed, displaced SCH fracture treated with CRPP. Exclusion
criteria included patients without complete clinical or radio-
graphic follow-up. Variables examined included time to initial
follow-up, change in treatment plan after 1-week x-rays, com-
plications, demographics, fracture type, pin number and config-
uration, reduction parameters, immobilization, time to pin
removal, duration of casting, and clinical outcome.
Results: A total of 412 patients were divided into 2 groups based on
time to initial follow-up. Overall, 368 had an initial follow-up at 7 to
10 days (group 1) and 44 at 21 to 28 days (group 2). There was no
difference in age, sex, fracture type, pin configuration, or a number of
pins between groups. Statistically significant findings included time to
initial follow-up and days to pin removal (group 1 at 26.2 d vs. group 2
at 23.8 d), type of immobilization (group 1 with 5% circumferential
casts and group 2 with 70%), and time to surgery (26.2 vs. 62.9 h,
respectively). There was no significant difference in complication rates
and only a 0.5% rate of change in management in group 1.

Conclusions: Early postoperative follow-up and radiographs did
not change the patient outcome and might be eliminated in
children with displaced SCH fractures treated with CRPP. Given
the current focus of on efficiency and cost-effective care, elimi-
nating the 1-week postoperative appointment would improve
appointment availability and decrease medical cost.
Level of Evidence: Level III—Therapeutic.
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Supracondylar humerus (SCH) fractures are the most
common elbow injury in the pediatric population.1

Two thirds of pediatric patients hospitalized for elbow
injuries have an SCH fracture.2,3 Surgical treatment with
closed reduction and percutaneous pinning (CRPP) has
become the standard of care for the management of Wil-
kins modification of the Gartland classification type II,
III, and flexion type fractures.4–6 Over the past decade,
several studies have reviewed the utility of postoperative
radiographs at initial and final follow-up visits. However,
to date, there remains no clear consensus among pediatric
orthopaedic surgeons for postoperative follow-up proto-
cols in surgically treated SCH fractures.

As the pendulum has swayed toward surgical treatment
for all SCH fractures greater than aWilkins modified Gartland
type I, the use of clinical resources postoperatively continues
to increase. At many institutions, patients are seen at post-
operative week 1 (7 to 10 d) and again at postoperative weeks 3
to 4 (21 to 28 d) with radiographs follow-up. This accounts for
a significant amount of clinical visits in pediatric trauma clinics,
substantial time off from work for families and exposes chil-
dren to multiple radiographs that may be unnecessary.7–12

In the age of health care reform and efficiency-
focused care, our institution asked how we could improve
the clinical efficiency and cost-effective care in patients
with SCH fractures. The purpose of our study was to ex-
amine the utility of the early postoperative follow-up ap-
pointment and radiographs at 7 to 10 days after CRPP for
SCH fractures. We hypothesized that the early post-
operative follow-up appointment and radiographs may be
unnecessary for Wilkins modified Garland type II and III
fractures with inherent stability, but may still be necessary
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for those fractures with less stability on intraoperative
examination.

METHODS
Following Institutional Review Board approval, we

retrospectively reviewed a convenience sample of consecutive
series of cases with displaced SCH fractures (Wilkins modified
Gartland type II, III, and flexion)4,6 treated with CRPP be-
tween August 2014 to August 2016 inclusive. All patients were
treated at a single institution by a group of 11 fellowship-
trained pediatric orthopaedic surgeons. Patients were identi-
fied in the electronic medical record database using Current
Procedural Terminology code 24538 for operatively treated
SCH fractures. Patients aged 14 years or younger were in-
cluded for analysis. Exclusion criteria included open fractures,
open reduction, intra-articular fractures, and patients without
complete clinical or radiographic follow-up at all timepoints.
Medical records were reviewed for demographic information
(age, sex, extremity), fracture type, pin number, and config-
uration, immobilization type, postoperative complications,
time to first follow-up, time to pin removal, and clinical out-
come (pain and range of motion). In addition, any changes to
routine management after a follow-up were recorded.

Patient radiographs were measured and evaluated
using our institutional PACS system. Radiographs from
all timepoints were included: preoperative, intraoperative,
initial postoperative, pin removal, and final follow-up ra-
diographs. Radiographs were evaluated for Wilkins
modification of Gartland classification, pin configuration,
and reduction parameters. Measurements included the
anterior humeral line,13 Baumann angle,14 and lateral
rotation percentage15 and were completed by a fellowship-
trained pediatric orthopaedic surgeon.

Patients were placed into one of 2 groups based on time
to initial follow-up. Patients seen for their first postoperative
follow-up at 7 to 10 days (week 1) with radiographs were
group 1. Patients seen for their first follow-up at 21 to 28 days
(weeks 3 to 4) with radiographs were placed in group 2.

Mean and SD were calculated for continuous charac-
teristics. Counts and percentages are reported for categorical
characteristics. The distribution of the data was assessed for
normality using histograms and Shapiro-Wilk test. Statistical
analysis was performed to evaluate differences between the
2 groups. Continuous variables were compared using the
Mann-Whitney test. Categorical variables were compared
using the χ2 test or Fisher exact test as appropriate. A P-value
<0.05 was considered statistically significant. Data were ana-
lyzed using Stata 14.2 (StataCorp., College Station, TX).

RESULTS
We identified 412 patients that met inclusion criteria

and were included in the analysis. Group 1 included 368
patients and all 11 pediatric orthopaedic surgeons. Group 2
included 44 patients and 3 of the 11 pediatric orthopaedic
surgeons. No patients were lost to follow-up. The groups
showed no difference in age, sex, fracture type, pin config-
uration, or a number of pins used (Tables 1, 2). The mean
age at the time of surgery was 6.2 years for both groups.

The difference in time to surgery between the 2
groups was found to be statistically significant
(P< 0.001). The mean time from injury to surgical fix-
ation in group 1 was 26.24 hours with 8% (28/368) having
“late” surgery. Although the mean time to surgery in
group 2 was 62.9 hours with 50% (22/44) having later
surgery. Table 3 outlines time to treatment for each
surgeon. Fracture type was not statistically different
between groups (P= 0.715). In group 1, 134 patients
(37%) were type II and 229 patients (62%) were type III,
and 3 patients (1%) were flexion type fractures. In group
2, 14 patients (33%) were type II, 29 patients (67%) were
type III and no patients were flexion type fractures.
Table 4 summarizes a number of pins used and
configuration compared with fracture type between the
2 groups.

Differences between the groups in immediate post-
operative immobilization was found to be statistically

TABLE 1. Demographics
Group 1 (N= 368) Group 2 (N= 44) P

Age [mean (range)] 6.2 (2.41) 6.2 (2.44) 0.9117
Sex (female) [n (%)] 182 (47) 18 (41) 0.284
Fracture type [n (%)]

II 134 (37) 14 (33) 0.715
III 229 (62) 29 (67)
Flexion type 3 (1) 0

TABLE 2. Comparison Between Patients With and Without
First Week Follow-Up

n (%)

Group 1
(N= 368)

Group 2
(N= 44) P

No. pins [mean (range)] 2.60 (2) 2.47 (2) 0.0742
Pin configuration (lateral) 346 (94) 44 (100) 0.1123
Days to first FU [mean (SD)] 7.66 (2.16) 23.45 (4.51) 0.0001*
Days to pin removal 26.22 (4.2) 23.88 (4.18) 0.0001*
No. complications 17 (4.6) 0 0.145
Type of immobilization

Cast bivalved 177 (49) 12 (28) 0.0001*
Cast univalved 71 (19) 1 (2)
Splint 98 (27) 0
Circumferential 19 (5) 31 (70)

Pain at FU 4 (1.10) 0 0.638
Duration of casting 26.16 (4.6) 26.05 (3.9) 0.9053
Fluoro anterior 2.04 (0.7) 2.02 (0.63) 0.8463
Fluoro Baumann 71.93 (5.08) 72.11 (4.8) 0.8297
Pin removal AHL 1.96 (0.67) 1.95 (0.64) 0.9091
Pin removal Baumann 73.42 (5.09) 72.72 (5.7) 0.3445
Pin removal lateral rotation 4.79 (9.5) 3.71 (9.25) 0.8479
Final FU AHL 2.05 (0.63) 1.66 (0.58) 0.3081
Final FU Baumann 74.5 (5.02) 72.7 (3.76) 0.4187
Final FU lateral rotation 4.41 (10.15) 3.66 (6.35) 0.8479
Change of management after
first week FU

2 (0.5) 0 0.628

Change of management after
pin removal

12 (3.3) 2 (5) 0.634

*P< 0.05.
AHL indicates anterior humeral line; FU, follow-up.
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significant (P< 0.001). In group 1, 49% of patients (177
patients) were placed into a bivalved cast, whereas only
28% of patients (12 patients) were in roup 2. Overall, 19%
of patients (71 patients) in group 1 were placed into a
univalved cast. In group 2, only 2% of patients (1 patient)
were placed into a univalved cast. A circumferential cast
(no valving) was used in only 5% of patients (19 patients)
in group 1, but 70% of patients (31 patients) in group 2.
No splints were placed on patients in group 2. In group 1,
27% of patients (98 patients) were placed into a splint
postoperative. The duration of immobilization was not
found to be significantly different between the 2 groups.
Both groups averaged 26 days of immobilization post-
operatively.

A number of days to follow-up was significantly
different between the 2 groups. Group 1 followed up at an
average of 7.66 days from date of surgery. Group 2
followed up at an average of 23.45 days. (P< 0.001). Two
patients in group 1 had a change in fracture management
after the initial follow-up (0.5%). One was found to have a
superficial pin site infection and was given oral antibiotics.
The other was found to have a loss of reduction on routine
1-week follow-up radiographs and was taken to the op-
erating room for remanipulation and pinning.

Initial reduction parameters on radiographs, ante-
rior humeral line, and Baumann angle, were not sig-
nificantly different (P= 0.84 and 0.82, respectively). In
both groups, the anterior humeral line passed through the
middle one third of the capitellum on final intraoperative

radiographs. Baumann angle averaged 71.9 and 72.1 de-
grees in groups 1 and 2, respectively.

Days to pin removal was found to be significantly
different between the 2 groups (P< 0.001). Group 1
average days to pin removal was 26.22 days. Group 2
average days to pin removal was 23.88 days. Following
pin removal, 12 patients (3.3%) in group 1 and 2 patients
(5%) in group 2 had a change in fracture management
(P= 0.63). The change in fracture management at pin re-
moval for all 14 of these patients was placement back into
a cast for extended immobilization based off radiographic
findings. Although 4 patients in group 1 reported pain at
follow-up and no patients in group 2 reported pain, this
was not found to be significantly different between the 2
groups (P= 0.64).

Postoperative complications were recorded in both
groups. Nine complications (a complication rate of 2.4%)
were reported in group 1. No complications were reported
in group 2. Only 2 complications required early intervention
and a change in fracture management at initial follow-up. All
9 complications are listed in Table 5. The patient with loss
of fixation had operative revision after week 1 follow-up. The
superficial pin site infection was treated with oral antibiotics.
Eight nerve injuries (all in group 1) were present preoperatively
and resolved postoperatively within the follow-up period
without complication.

DISCUSSION
SCH fractures are one of the most common injuries

that pediatric orthopaedic surgeons treat. They account for a
significant number of emergency room visits, operative cases
and follow-up visits in pediatric hospitals. The American
Academy of Orthopedic Surgeons has submitted guidelines on
the standards of care without recommendations regarding the
postoperative follow-up.16 There continues to be a failure of
consensus among pediatric orthopaedic surgeons regarding
the protocol for postoperative follow-up care and radiographs
in this injury.

Early postoperative follow-up appointments (7 to 0 d)
have been universally accepted as the standard of care for
many fracture patterns.15,17–19 Pain assessment, main-
tenance of fracture reduction and dressing care may all be
addressed in the first postoperative visit.

The 2 groups in our study varied based on timing to
the first postoperative visit. Historically, SCH fracture
treatment consisted of a postoperative appointment at 7 to
10 days for repeat radiographs to evaluate fracture
alignment and possible cast change or overwrap. The
second postoperative appointment occurred between

TABLE 3. Average Time From Injury to Surgery For Each
Surgeon

n/N (%)

Surgeon
Average Time to

Surgery (h)
Treated Early
Within 24 h

Treated After
48 h

1 29 46/58 (79) 7 (12)
2 34 44/62 (71) 11 (18)
3 33 43/53 (81) 7 (13)
4 120 0 1 (100)
5 29 36/49 (73) 6 (12)
6 25 40/56 (71) 5 (9)
7 34 28/40 (70) 4 (10)
8 25 9/11 (82) 1 (9)
9 27 50/59 (85) 3 (5)
10 13 19/19 (100) 0
11 25 5/6 (83) 1 (17)

TABLE 4. Distribution of Fractures and Number of Pins For
Patients in Groups 1 and 2

Group 1 [n (%)] Group 2 [n (%)]

Type II
(N= 126)

Type III
(N= 236)

Flexion
Type
(N= 3)

Type II
(N= 22)

Type III
(N= 21)

2 lateral 101 (80) 43 (17) 2 (67) 16 (73) 9 (43)
3 lateral 25 (20) 191 (81) 1 (33) 6 (27) 10 (48)
Cross pin 0 1 (1) 0 0 2 (9)

TABLE 5. Type of Complications
No. Patients

Buried pins 4
Cast slipped of before cast removal/ erythema 2
Olecranon bursitis 1
Superficial pin infection 1
Loss of fixation and alignment 1
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weeks 3 to 4 for pin removal and repeat radiographs to
evaluate bony healing.

SCH fractures have an extremely low rate of post-
operative complications. The most common complications that
may occur include malunion, restricted elbow range of motion
and cubitus varus. Numerous studies have quoted between a
1% and 4% loss of reduction that requires a return to the
operating room.11,12 With the significantly low likelihood of
loss of fracture reduction, some surgeons at our institution
found it unnecessary to see patients with a stably fixed SCH
fracture for a 1-week postoperative visit with radiographs.

Group 1 in our study consisted of the patients
treated with both a 1-week and 3- to 4-week postoperative
follow-up appointment and radiographs. Group 2 con-
sisted of the patients who were seen first at 3 to 4 weeks for
radiographs and pin removal. The 2 groups consisted of
patients of similar demographics, distribution of fracture
types (II, III, and flexion), pin configurations and a
number of pins used. Between our 2 patient groups, we
found no significant difference in patient outcomes
whether they had a 1-week follow-up visit or not.

Previous studies have shown very low rates of loss of
reduction, especially when rotational stability has been
confirmed intraoperatively. These studies found that
“technical errors” in pin configuration accounted for the
majority of fractures that loss reduction in the early
postoperative period.7,20 Others have evaluated the utility
of the 1-week postoperative visit and found that this visit
did not significantly alter the clinical decision making of
the physician or the clinical outcome of the patient.8,12

Our study only had 1 patient (0.5%) from group 1
that returned to the operating room for revision of fixation
after a 1-week follow-up visit. This patient had a type III
fracture and technical errors of pin placement were noted
on review of the initial radiographs.

Several recent studies have evaluated the utility of
radiographs at the 3- to the 4-week postoperative follow-
up visit. Some studies confirm our findings, that radio-
graphs may be safely delayed until the time of pin
removal.8,9 While others have examined whether radio-
graphs immediately before pin removal are necessary,10–12

Schlechter and Dempewolf10 and Karalius et al12 both
concluded that radiographs are unnecessary before pin
removal at 3 weeks. Garg et al11 was unable to con-
clusively recommend the complete elimination of radio-
graphs at the time of pin removal.

In our study, all patients received radiographs before
pin removal at the 3- to the 4-week postoperative follow-
up visit. The clinical decision for pin removal was not
altered for any patient based on radiographic findings.
However, in 14 patients [12 patients in group 1 (3.3%) and
2 patients in group 2 (5%)], the clinical management was
changed and patients recasted for additional time based
off radiographic findings.

Time to surgery was found to be significantly dif-
ferent between our 2 study groups. Group 1 had an
average time to surgery of <24 hours, whereas group 2
was treated in <72 hours. One aspect our study was unable
to evaluate was the amount of soft tissue damage surrounding

the injury. Although the severity of the fractures may have
appeared similar on radiographs, there is a possibility that
fractures in group 1 had greater soft tissue injury leading to
the decision for earlier surgery versus discharge to home and
surgery on an outpatient basis. In addition, group 2 had a
significantly greater number of circumferential casts placed
following fixation. This may also be an indicator of greater
soft tissue injury. The increased amount of swelling in group 1
patients likely drove the decision making the process for
bivalve, univalve, or splint immobilization more frequent use.
Use of a circumferential cast also negates the need for the
patient to been seen at 1 week for overwrap or transition to
cast if the fracture is stable.

The treatment of SCH fractures can be a significant
financial burden for patient families and to the health care
system. Patients not only bear the cost of an emergency
room visit, radiographs, operating room charges, and
hospital stay but potentially 2 to 4 additional follow-up
appointments (facility fee: $125) and radiographs (2 view
elbow: ∼$670). In addition, there is potentially missed
work and loss of wages for the caregiver to bring the pa-
tient to their follow-up visits, transportation costs and
school absence for each visit required. Reducing the
number of postoperative visits and studies necessary after
treatment of SCH fractures could have a tremendous ef-
fect in decreasing medical cost and resources. National
Health Expenditures21 were reported as $3.2 trillion dol-
lars in 2015. Of that, 19.8% was spent on physician and
clinical services. Routine diagnostic imaging accounts for
a large portion of our annual health expenditures. On
average, patients with SCH fractures receive at least 4 sets
of elbow radiographs (at presentation, intraoperative,
week 1 postoperative, and weeks 3 to 4 postoperative).

Cost reduction, resource utilization and clinical efficiency
in patient care have been a focus among pediatric hospitals
over the past decade. On the basis of our study, if patients in
group 1 had not been scheduled for a 1-week follow-up ap-
pointment and only come to a 3- to 4-week follow-up for pin
removal, 368 clinical appointments would have opened over a
2-year period. In addition, 368 radiographic orders and patient
waiting times would have been eliminated.

LIMITATIONS
There were several limitations to this study. We used

a convenience sample of consecutive cases in our in-
stitution. The number of patients and group distribution
was limited due to the retrospective nature of this study.
All follow-up protocols were based on surgeon preference
(including immobilization). Time to surgery may have
been influenced by surgeon comfort with discharging and
scheduling outpatient surgery or operating room avail-
ability at time of injury presentation.

CONCLUSIONS
We believe that this study suggests that the need for

early postoperative follow-up at 7 to 10 days for patients
with surgically treated (CRPP) SCH fractures may be
unnecessary. Although limited by the retrospective nature
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of our study, we believe that the 1-week follow-up ap-
pointment and radiographs at 7 to 10 days may be un-
necessary for many fractures. Future studies are needed in
a prospective design to better evaluate the true need for
1-week follow-up.

We propose the creation of a best practices protocol for
the treatment of closed, displaced SCH fractures that are
treated by CRPP. Follow-up should be based on the evaluation
of fracture stability in the operating room. Intraoperative
evaluation should consist of flexion, extension, rotation, and
varus/valgus stress of the construct. If stable, the patient should
be immobilized and follow-up at 3 to 4 weeks for radiographs
and removal of pins. We believe that 3- to 4-week post-
operative radiographs at pin removal should be maintained at
this timepoint due to the altered clinical care needed in some
patients. If the construct is unstable on intraoperative exami-
nation, the surgeon should (1) reevaluate the pin construct
(placement and divergence) and (2) add a third pin (lateral or
cross pin). If the stability of the fracture remains questionable,
the patient should follow-up at 7 to 10 days postoperative with
scheduled radiographs. All other patients should follow-up at 3
to 4 weeks for pin removal and radiographs out of the cast.
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