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Background: The goal of the study was to evaluate the efficacy of physical therapy in restoring function and mobility after
a pediatric supracondylar humeral fracture.

Methods: The study included sixty-one patients from five to twelve years of age with a supracondylar humeral fracture
that was treated with casting or with closed reduction and pinning followed by casting. Patients were randomized to receive
either no further treatment (no-PT group) or six sessions of a standardized hospital-based physical therapy program (PT
group). The ASK-p (Activities Scale for Kids-performance version) and self-assessments of activity were used to assess
function at one, nine, fifteen, and twenty-seven weeks after injury. Motion was measured at nine and fifteen weeks after
injury by a blinded therapist. Anxiety was measured at one and nine weeks after injury with a self-assessment. Differences
in ASK-p scores and anxiety level were analyzed with use of multivariate generalized estimating equations.

Results: ASK-p scores were significantly better in the no-PT group at nine and fifteen weeks after injury (p = 0.02 and 0.01,
respectively) but the difference at twenty-seven weeks was not significant. There were no differences between groups with
respect to performance of activities of daily living or time to return to sports. Anxiety at nine weeks was associated with worse
ASK-p scores at nine and fifteen weeks in the PT group and with better ASK-p scores in the no-PT group at these time points
(p = 0.01 and 0.02, respectively). There were no differences between the groups with respect to elbow motion in the injured
arm at any time. Severity of injury had no impact on function or elbow motion in either the PT or the no-PT group.

Conclusions: Children undergoing closed treatment of a supracondylar humeral fracture that was limited to approxi-
mately three weeks of cast immobilization received no benefit involving either return of function or elbow motion from a
short course of physical therapy.

Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

P
hysical therapy contributes to restoration of normal
function in patients deconditioned by disease, surgery,
or trauma1-6. The utility of physical therapy for adults

following lower-extremity injury or surgery is generally ac-
cepted. However, the evidence for its utility in adults is not
strong7-14, and there is a dearth of evidence that physical therapy
makes a positive impact on the return of function in children
who have sustained musculoskeletal trauma15.

Supracondylar humeral fractures rank among the most
common fractures treated by pediatric orthopaedists, and they
are the most frequently treated fracture at our institution;
nearly equal numbers of patients undergo nonoperative and
operative management of these fractures. Displaced fractures
are typically treated operatively under general anesthesia by
closed reduction and pinning, followed by a short period of
immobilization. Pins are removed in the clinic approximately
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three weeks after surgery. Nondisplaced or minimally displaced
fractures are treated by casting without reduction, with a similar
duration of immobilization. After cast removal, a stiff elbow and
hesitant patient are the norm. Parents of patients undergoing
cast removal after an elbow fracture frequently have questions
regarding the best next step for their child. Although a study
of return of motion with and without therapy after open treat-
ment of a supracondylar humeral fracture has been reported
previously15, return of function after closed management of
the fracture, as measured with use of a patient-centered instru-
ment, has not.

In 1955, Walter Blount wrote the following in Fractures in
Children, a classic textbook from which generations of ortho-
paedists were trained in the essentials of pediatric fracture care:
‘‘Physical therapy, which is invaluable in the treatment of in-
jured adults, is almost never necessary in the management of
uncomplicated children’s fractures...At the elbow where there is
frequently a delay in return of motion, a ‘hands off policy’ must
be followed for many months...The child knows instinctively
better than his parents, physical therapist, or doctor what he
may do without harm...If left to his own devices, he will recover
in the shortest possible time.’’16

The aim of the present study was to determine which
treatment serves children with a supracondylar humeral frac-
ture better following cast removal: a few days of sling wear
followed by a few weeks of activity restriction (which leaves the
children to their own devices to manage return of motion and
function) or a guided program of physical therapy designed to
encourage early movement and restoration of function. Our
null hypothesis was that physical therapy would provide no
benefit with respect to recovery of function or return of motion
except in a subset of patients with anxiety.

Materials and Methods

This single-center study was approved by the institutional review board at
our tertiary care pediatric hospital and was registered at ClinicalTrials.gov

(NCT00871793). The study included sixty-one patients, five to twelve years of
age, who sustained a supracondylar humeral fracture treated either with casting
or with closed reduction and pinning followed by casting. Patients were ex-
cluded if they were less than five or more than twelve years of age; had a fracture
that was comminuted, was open, or required open reduction; had polytrauma
or multiple fractures; had a developmental delay; or did not speak either En-
glish or Spanish. Enrollment was performed within a week of injury, from April
2009 to August 2011, by four research assistants. A block randomization
scheme with a block size of six was used. Envelopes were prepared by our
Biostatistics Department for concealed random assignment of enrolled par-
ticipants and were opened following enrollment. Treating physicians were not
informed of the participation status of patients. As there is some overlap be-
tween the diagnoses treated by physical and occupational therapists, we refer to
the certified occupational therapists who worked with our patients in this study
as physical therapists and to the therapy performed as physical therapy.

Patients were randomized to receive either no physical therapy (no-PT
group) or an intended treatment program of six sessions of physical therapy
performed by any of three therapists over a five-week period beginning the
week after cast removal (PT group). Patients were given few instructions after
cast removal, with the most detailed including ‘‘wear a sling when awake for a
few days immediately after cast removal, then wear the sling only when outside
of the house for a few additional days, avoid play at heights, play on wheeled
objects, participation in contact sports, or play with animals on leashes for four

weeks to follow.’’ Patients in the PT group were assessed during the first week
after cast removal and were treated with a series of sessions involving heat,
progressive splinting, strengthening exercises, and functional activities. Each
session lasted approximately thirty minutes. The physical therapy sessions were
discontinued when flexion within 15� of that in the uninjured elbow and full
extension were achieved.

The primary outcome of interest was function, assessed by means of a
number of instruments. The first of these instruments was the ASK-p (Activities
Scale for Kids-performance version), which is a validated assessment of activity in
children five through fifteen years of age that displays excellent reliability, min-
imal ceiling and floor effects, and sensitivity to clinically important changes in
function

17
. As described by Plint et al., an ASK-p score difference of ‡5 points was

deemed clinically important, as children who are normal and uninjured typically
score in the mid-90s, mildly disabled children score in the mid-80s, and mod-
erately disabled children score in the mid-50s (out of a possible 100 points)

18
. We

also used a self-rating scale for activities of daily living
18

; this consisted of a
simplified questionnaire with five questions regarding ease of performance of
activities of daily living and a yes-or-no question regarding return to sports. The
enrolled patient or a parent completed a baseline questionnaire one week after
injury to roughly assess function prior to injury; questionnaires were also
completed at nine, fifteen, and twenty-seven weeks after injury, with all but the
last completed by the parent and child together during visits to our Clinical
Research Center. The final questionnaire at twenty-seven weeks was completed
by mail. We utilized an anxiety self-assessment instrument validated by Crandall
et al.

19
to identify a subset of patients who were anxious at various stages in the

treatment (one and nine weeks after injury); the goal was to determine whether
these patients represented a group that would benefit more from physical therapy
than nonanxious children would. Finally, a physiotherapist blinded to the pa-
tient’s treatment group assessed motion at nine and fifteen weeks after injury.

Fracture type was classified by the treating physician with use of the
Wilkins modification of the Gartland system of pediatric supracondylar humeral
fracture classification

20
. Type-I fractures were those that were nondisplaced, type-

II fractures were displaced with limited cortical contact, and type-III fractures
were displaced with essentially no cortical contact

21
. Type-I fractures generally

have an obvious transverse fracture line, but the initial radiographic findings may
occasionally be limited to a posterior fat pad sign. Our standard protocol after
supracondylar fracture included three weeks of cast immobilization (in <90� of
elbow flexion) following initiation of treatment, regardless of the severity of the
fracture or the type of treatment.

Statistical Methods
A power analysis prior to the study suggested that, with use of a two-sided t test
and an alpha of 0.05, a sample size of sixty patients would provide 80% power
to detect a difference of ‡5 points between groups at the nine-week assessment
of our primary outcome (ASK-p) if the standard deviation was £6.5 points

22
.

Similarly, a sample size of forty-six patients at the fifteen and twenty-seven-
week time points would provide 80% power to detect a difference of ‡6 points
between the two groups.

Baseline demographic and injury-related characteristics were assessed for
balance between the study groups with use of the two-sample t test (for con-
tinuous variables) or chi-square test (for categorical variables). Univariate logistic
regression models were used to examine whether any of these baseline charac-
teristics were predictive of retention or nonretention at nine, fifteen, or twenty-
seven weeks. Missing data were not imputed so as to avoid biasing estimates of the
missing outcomes

23,24
. None of the baseline characteristics were associated with

retention at nine, fifteen, or twenty-seven weeks, and retention did not differ
significantly according to treatment group (see Appendix). Therefore, all sub-
sequent analyses were restricted to the evaluable study population that completed
the nine, fifteen, and/or twenty-seven-week follow-up assessments.

Following the intent-to-treat approach
25,26

, participants were analyzed
in the study arm to which they were randomized, regardless of exposure to
physical therapy. Differences in the ASK-p, activities of daily living, and return
to sports were estimated with use of a multivariate generalized estimating
equation to simultaneously model all time points and account for the correlation
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due to repeated measures for each patient. A p value of £0.05 was considered
significant. The paired t test was used to compare the range of motion in the
injured and uninjured arms at each time point. Additionally, linear regression
models were used to investigate the effect of anxiety at one and nine weeks on
function assessments and to test for differences in the effect of anxiety in the two
treatment arms. The statistician was blinded to the treatment groups.

Source of Funding
No external funding was secured for this study.

Results

Atotal of 133 eligible patients were screened during the two-
year period. Seventy-two of the patients decided not to

participate in the study, and the remaining sixty-one were
randomized to the PTor the no-PT group (Fig. 1). Of the thirty
patients allocated to the PT group, twenty-six received treat-
ment, three were excluded because of misdiagnosis or addi-
tional injury sustained during the treatment period but
unrelated to the study, and one failed to attend any physical
therapy sessions or follow-up visits but was included in the
analysis in accordance with the intent-to-treat approach. The
number of physical therapy sessions attended ranged from zero
to seven (as one family requested an additional session), with a
mean of three sessions (Fig. 2; see Appendix). Of the thirty-one
patients allocated to the no-PT group, follow-up data were

obtained for twenty-nine. Baseline characteristics were similar
between the groups (Table I). Two patients with a Gartland
type-I fracture had only a posterior fat pad sign at presentation;

Fig. 1

Flow diagram of the study.

Fig. 2

Histogram showing attendance at therapy sessions for the entire PT group.
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the remaining nineteen patients with a type-I fracture had an
obvious fracture on initial radiographs. The extent of missing
data (due primarily to patient loss to follow-up) did not differ
appreciably between the groups (see Appendix). Approximately
50% of the patients in the PT group declined to schedule ad-
ditional physical therapy sessions despite having not achieved
the motion goals; the remainder continued therapy until dis-
charged by our study therapists.

ASK-p scores were significantly higher (better function)
in the no-PT group at nine weeks, with an estimated difference
between groups of 5.5 points (95% confidence interval [CI],
0.9 to 10.1 points; p = 0.02). At fifteen weeks, ASK-p scores
were again significantly better in the no-PT group, with an
estimated difference between groups of 6.1 points (95% CI, 1.5
to 10.8 points; p = 0.01). The differences between groups were
no longer significant at twenty-seven weeks after injury (see
Appendix). An exploratory analysis with use of linear regres-
sion did not show that patients with more visits had higher
ASK-p scores; in fact, on average, they appeared to have lower
scores. Thus, the intent-to-treat analysis appeared to be a
reasonable approach.

There were no differences within or between groups
with respect to the activities of daily living score or return to
sports at any time point, as both of these outcomes had very
little variability. Nearly all participants scored ‘‘0’’ for activi-
ties of daily living, meaning that they had no difficulties
performing the five general tasks; and all reported ‘‘yes’’ for
return to sports, indicating that they had returned to sports by
nine weeks after injury. More of the girls were in the PT group
and more of the boys were in the no-PT group; however, the
ASK-p score and total motion did not differ significantly ac-
cording to sex.

Anxiety at nine weeks was associated with lower ASK-p
scores (worse function) in the PT group and with higher ASK-p
scores (better function) in the no-PT group at both nine and
fifteen weeks after injury. At nine weeks after injury, a one-unit
increase in anxiety in the PT group was associated with a mean
drop of 3.7 points (95% CI, 26.3 to 21.0 points; p = 0.01) in
the ASK-p score. At fifteen weeks, a one-unit increase in anxiety
at nine weeks in the PT group was associated with a mean drop
of 3.1 points (95% CI, 25.6 to 20.6 points; p = 0.02) in the
ASK-p score (Table II; see Appendix).

TABLE I Baseline Characteristics of the Groups

Variable PT Group, N = 27 No-PT Group, N = 31 P Value*

Age† (yr) 6.04 ± 1.32 6.71 ± 1.68 0.093

Sex‡ 0.194
M 11 (41) 19 (61)
F 16 (59) 12 (39)

Fracture treatment‡ 0.861
Surgery 15 (56) 19 (61)
Cast only 12 (44) 12 (39)

Gartland fracture type‡ 0.798
I 11 (41) 10 (32)
II 6 (22) 8 (26)
III 10 (37) 13 (42)

Side of injury‡ 0.524
L 17 (63) 23 (74)
R 10 (37) 8 (26)

*T test (for continuous variables) or chi-square test (for categorical variables). †The values are given as the mean and the standard deviation.
‡The values are given as the number of patients, with the percentage in parentheses.

TABLE II Effect of Interaction Between PT Treatment and Anxiety Level

ASK-p Score at 9 Weeks ASK-p Score at 15 Weeks

Parameter Estimate (95% CI) P Value Estimate (95% CI) P Value

Intercept 89.9 (86.7, 92.9) <0.001 92.5 (89.5, 95.6) <0.001

Effect of anxiety at nine weeks 0.4 (21.0, 1.8) 0.58 0.7 (20.6, 2.1) 0.28

Effect of PT treatment 22.7 (27.5, 2.1) 0.28 23.4 (28.2, 1.4) 0.17

Effect of anxiety · treatment 23.7 (26.3, 21.0) 0.01 23.1 (25.6, 20.6) 0.02
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Whether the elbow underwent immediate immobiliza-
tion (for a nondisplaced or minimally displaced fracture) or
closed reduction and pinning followed by immobilization (for
a displaced fracture) had no effect on return of function or
motion in either treatment group. For those fractures treated
with only casting, the mean time (and standard deviation) from
injury to treatment was 4.7 ± 2 days, and the overall duration of
immobilization was 24.3 ± 4 days. For those fractures treated
operatively, the mean time from injury to surgery was 0.8 ± 0.6
day, and the overall duration of immobilization was 24.2 ± 3.9
days. The difference in overall duration of immobilization in the
PT group compared with the no-PT group was not significant
(95% CI, 1.86 to 3.07 days; p = 0.31).

At nine weeks, range of motion (total arc of elbow flexion-
extension and of pronation-supination) in the injured arm was
significantly lower than that in the normal arm (p < 0.001).
Although range of motion in the injured arm improved between
nine and fifteen weeks, it remained significantly lower than that
in the normal arm at fifteen weeks (p < 0.001). Range of motion
in the injured arm did not differ significantly between treatment
groups at either of these time points (Tables III and IV). There
were no differences in return of function or motion according to
fracture type (Gartland I, II, or III) or treatment (casting or
closed reduction and pinning followed by casting). No adverse
events related to the treatments occurred in either group.

Discussion

The importance of early motion to prevent stiffness after
operative treatment of elbow fractures in adults is a widely

held view27. Immobilization after elbow trauma in children
also risks producing prolonged stiffness. We demonstrated no

benefit to a formal physical therapy program for pediatric
patients after closed treatment of a supracondylar humeral
fracture, regardless of the degree of displacement of the fracture
or whether or not the fracture was treated surgically. Among
patients five to twelve years of age with a supracondylar hu-
meral fracture treated with casting or with closed reduction
and pinning followed by casting, those who underwent physical
therapy had delays in restoration of function compared with
those receiving no post-casting physical therapy, as measured
by the ASK-p within the first fifteen weeks after injury. Func-
tion was ultimately restored by twenty-seven weeks after ini-
tiation of treatment, whether a few simple instructions for
return to activity were given at the time of cast removal or the
patient attended a five-week guided physical therapy program
after cast removal. Patients in the PT group who had greater
anxiety at nine weeks had worse function at nine and fifteen
weeks after injury compared with less anxious patients. The
functional assessment scores in both groups were much more
tightly grouped around a score of 90 than initially expected in
our pre-study power analysis. However, our patient population
did not include children with special needs or previously existing
conditions that would lead to lower functional assessments.

Keppler et al.15 studied forty-three children with a dis-
placed supracondylar humeral fracture treated with open re-
duction and internal fixation. Children were randomized to
receive community-based physical therapy or no physical ther-
apy. A short-term advantage in terms of greater motion in the
therapy group compared with the no-therapy group was seen at
twelve and eighteen weeks but was no longer present at one year
after injury. The mean duration of casting in that study (thirty-
five days) was approximately eleven days longer than that in the

TABLE III Total Arc of Flexion-Extension Elbow Motion

Week Arm PT Group* No-PT Group* P Value

9 Injured 120.1 ± 17.8 126.3 ± 19.9 0.30

Uninjured 145.9 ± 10.4 149.0 ± 10.6

15 Injured 135.6 ± 10.5 137.9 ± 10.7 0.56

Uninjured 145.8 ± 7.1 149.3 ± 7.7

*The values, in degrees, are given as the mean and the standard deviation.

TABLE IV Total Arc of Pronation-Supination Elbow Motion

Week Arm PT Group* No-PT Group* P Value

9 Injured 172.8 ± 10.8 168.4 ± 16.3 0.30

Uninjured 174.5 ± 8.3 173.7 ± 8.8

15 Injured 174.1 ± 7.9 169.1 ± 11.5 0.17

Uninjured 175.2 ± 6.7 174.8 ± 8.7

*The values, in degrees, are given as the mean and the standard deviation.
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present study (twenty-four days). Such prolonged casting may
have resulted in stiffness that benefited from short-term therapy.
In our patients, prolonged casting was not necessary as adequate
healing of these fractures typically occurred by three weeks. We
found no difference in motion between the PT and no-PT
groups at any time point, in contrast to the findings of Keppler
et al. Moreover, we used a standardized physical therapy treat-
ment and found that the level of function was not significantly
better, and in fact was worse, in children who received physical
therapy, regardless of the type of fracture or whether they under-
went only casting or reduction and pinning followed by casting.

Spencer et al.28 described the return of elbow motion
following a supracondylar humeral fracture in children, noting
that recovery of motion took longer after a more severely dis-
placed fracture. However, more severely displaced fractures were
immobilized longer in their patients, and all fracture types had a
mean duration of immobilization of more than twenty-seven
days. We found no difference in return of function or motion
regardless of the severity of the fracture or whether it was treated
operatively or nonoperatively, suggesting that the time to nor-
malization after these injuries when they are treated in a closed
fashion may be more a function of the duration of immobili-
zation than of the degree of initial displacement of the fracture.

There are several limitations to our study. Our aim of
controlling for the physical therapy regime affected our sample
population; only families who could commit to travel to our
hospital during regular hours for physical therapy participated
in the study, which essentially limited enrollment to families
living locally. We assumed our physical therapy program to be
the optimal alternative to no therapy, although we had no ev-
idence on which to base this assumption other than the expert
advice of our therapists. These therapists may have been unduly
aggressive or unduly conservative in their work with the patients,
leading to slower patient progress.

Function was assessed by means of a questionnaire answered
by the patients rather than by performance of monitored tasks.
True measures of performance might have been more sensitive in
revealing differences between groups. The anxiety measurement
that correlated with worse function was the self-assessment per-
formed at nine weeks, after completion of the physical therapy
program. This suggests the possibility that the physical therapy
sessions and relatively low self-assessment of function produced
anxiety in our patients, rather than the anxiety leading to worse
results with physical therapy. Enrollment into the physical therapy
arm of the study represented a sacrifice for families, as attending
the sessions resulted in out-of-pocket expenses for transportation
as well as an opportunity cost for patients and families, perhaps
leading to anxiety among participating patients.

The dropout rate was high in both groups despite efforts
to maintain enrollment. We reminded families to return for
follow-up and attempted to schedule follow-up sessions as
prescribed by our protocol. Finally, this study examined only
one particular type of humeral fracture; however, the result may
be generalizable to fractures of the lateral condyle in children, as
Wang et al. found similar early return of motion without therapy
in patients with supracondylar and lateral condyle fractures29.

In summary, children undergoing closed treatment of a
supracondylar humeral fracture limited to approximately three
weeks of immobilization were not benefited by a short course
of physical therapy in terms of either return of function or
motion. Blount’s suspicion that ‘‘Physical therapy...is almost
never necessary in the management of [such an] uncompli-
cated children’s fracture’’16 is supported by the findings of this
study. The study suggests that physical therapy after closed
management of a supracondylar humeral fracture in children is
of no clinical benefit.

Appendix
Tables showing the number of patients with missing data
and the ASK-p scores at each time point as well as figures

showing attendance at physical therapy sessions according to
fracture type and ASK-p scores at nine and fifteen weeks ac-
cording to anxiety at nine weeks are available with the online
version of this article as a data supplement at jbjs.org. n
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