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Abstract

Background: Supracondylar humeral fractures (SHFs) in children are associated with morbidity due to elbow stiffness. Timely
operative management and/or physiotherapy are thought to reduce this complication, but pose challenges in settings with lim-
ited resources for health.

Methods: This prospective cohort study included 45 pediatric patients with isolated SHF at a large tertiary hospital in Nairobi,
Kenya. Patients were managed non-operatively or operatively with varying wait times to surgery, with or without physiotherapy.
The measurement of elbow ROM was done up to 12 weeks after removal of Kirshner wires and/or backslab.

Results: Elbow ROM increased in the follow-up period, yet residual restricted mobility in the flexion-extension plane was com-
mon. Delayed surgical management =7days was associated with reduced elbow ROM in the flexion-extension plane at 12 weeks
median IQR 105° 92°-118° vs 120° 108°-124°, p=0.029. Physiotherapy was associated with reduced ROM at 12 weeks p=0.003,
possibly due to the use of prolonged immobilization.

Conclusion: In this study of pediatric SHFs at a resource-limited hospital, elbow flexion was restricted at 12 weeks follow-up
and was associated with major delays in operative management. Quality of orthopedic surgical care and physiotherapy services
in low-resource settings deserves further attention.
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Introduction management of SHF in high-income countries’’, few

Supracondylar humerus fractures (SHFs) account for 13-  data are available from low- and middle-income countries

17% of all paediatric fractures and 60-80% of all elbow
injuries'. SHFs may be associated with morbidity; includ-
ing malunion, neurovascular complications, compartment
syndrome, and elbow stiffness®. Although several studies
have documented excellent outcomes following surgical
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where limited resources for health may impact quality of
care and patient outcomes.

The timing of the treatment of SHFs in the acute set-
ting has received significant attention. While some au-
thors advocate for urgent operative management®, other
studies in high-income settings have suggested that, in
the absence of neurovascular compromise, surgery can
safely be delayed by 8-21 hours™!". However, in settings
with limited human resources for health and operating
room capacity, delays of many days are not uncommon
for surgical procedures'!. Thus, the magnitude of delay
in surgical management may be several-fold longer in re-
source-limited hospitals, the impact of which on patient
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outcome has not been reported previously. The primary
objective of this study was to evaluate the effect of delays
in the surgical management of pediatric SHFs treatment
on the range of motion ROM at the elbow at 12 weeks
follow-up. As a secondary objective, we examined the ef-
fect of physiotherapy during the 12 week follow-up peri-
od on elbow ROM.

Methods

Study setting

This study was conducted at a large tertiary referral and
teaching hospital in Kenya. Kenya ranks 145 of 186 on
the United Nations Human Development Index United
Nations, 2016 12 12 12 and has 0.14 physicians per 1,000
population compared with the US, where there are 2.3
physicians per 1,000 population World Bank, 2016 1313
13Health expenditure based on gross domestic product is
5.7%, which ranks the country 111™ of 189 overall World
Bank, 2016 13 13 13. Although the centre is a govern-
ment-affiliated hospital, surgical procedures are primarily
self-funded by the patient or their family.

Study design

This was a prospective observational study. Patients less
than 15 years of age with radiologically confirmed iso-
lated SHF were included. Patients were excluded if they
intended to seek follow-up at another centre or if they
had: open fracture; burn; bilateral supracondylar humerus
fracture; neurovascular injury before treatment; multiple
fractures; or ipsilateral forearm fractures.

The primary outcome measure was elbow ROM at 12
weeks follow-up, with reference to published norma-
tive data. Secondary outcomes included the longitudinal
course of elbow ROM following management, and the
effect of physiotherapy on elbow ROM.

A sample size calculation indicated that 34 patients were
needed to detect a 15° 10% difference in elbow flexion
in patients with delayed =7 days versus timely <7 days
surgery with 80% power at «=0.05 level of significance,
using normative data for elbow flexion in boys age 2-8
years: mean SD 153° 5°'. We increased the sample size
by 30% to account for potential loss to follow-up.

Procedures

Patients were identified in the casualty department, where
written informed consent was obtained from the accom-
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panying parent or guardian. Demographic and clinical in-
formation was collected using a structured questionnaire.
A lateral view radiograph centered at distal humerus, and
a true anteroposterior view of the involved elbow were
used to categorize patients according to Wilkin’s modified
Gartland classification.?

Non-displaced fractures were managed on a backslab cast
and followed as out-patients. Patients with more severe
injuries were admitted, pending surgical intervention. Sur-
gical management consisted of closed reduction and pin-
ning CRIF or open reduction and internal fixation with
Kirshner wires ORIE. After reduction of the fracture, the
injured elbow was placed in 90 degrees of flexion with
the forearm in neutral position and secured in a back slab
for 3 weeks. Patients were then discharged and managed
as outpatients. Patients were reviewed at the orthopedic
out-patients’ clinic by the study team three weeks later
for removal of pins and/or cast. Each patient was fol-
lowed, from the date of cast and/or pin removal, every
four weeks, up to 12 weeks. Affected elbow ROM was
measured at each follow-up visit.

The measurements of elbow ROM were performed us-
ing standardized methods'. With the forearm in neutral
position, the elbow was placed in angle at which the joint
was immobilized. Using gentle active elbow ROM by en-
couraging the patient on motion as far as he could the
limit of flexion, extension, forearm supination, and pro-
nation were measured using a goniometer. To measure
flexion and extension, the goniometer was centered at
the distal humerus, which represent the approximate axis
of elbow flexion—extension. The arms of the goniom-
eter were then aligned parallel to the humerus and the
forearm, respectively. To determine the extent of maxi-
mal forearm rotation, elbow ROM was performed by the
researcher as previously described'.

Patients were encouraged but not required to attend phys-
iotherapy session after cast and/or pin removal. At the
end of the follow-up period, patients were asked if they
had attended physiotherapy sessions or not. All patient
were encouraged to perform daily elbow active ROM at
home, as pain allowed.

Statistical analysis

To answer the primary objective, we examined the Spear-
man rank correlation o between the time interval from
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injury to intervention and the elbow ROM at 12 weeks.
For secondary objectives, descriptive and comparative
statistics were used as appropriate. Data processing was
done using the statistical software SPSS 19 and GraphPad
Prism.

Ethics

Institutional Research Ethics Committees approved this
study. Written informed consent was obtained from par-
ents or guardians of all patients.

Results

Forty-five children with SHFs were included, between
October 2012 to February 2013. Demographic and clin-
ical details are given in Table 1. The median age was 7
years range 2-15 and 28/45 62% were male. Most inju-
ries occurred in the non-dominant limb. All patients with
Gartland type I n=6 and II n=10 fractures were managed
non-operatively and patients with Gartland type III frac-
tures were managed by CRIF n=1 or ORIF n=28. The
timing of non-operative management cast was within 1
day range 1-5 days of injury, compared to ORIF with a
median delay of 7 days range 3-13 days.

Table 1: Characteristics of patients, fractures, and management

Variables
Age [years], median (range)
Gender, n (%)
Female
Male
Side of injury, n (%)
Dominant limb
Non-dominant limb
Severity (Gartland classification)
Type I
Type II
Type III
Management, n (%)
Non-operative management
CRIF
ORIF

n =45 (%)
7 (2-15)

17 (38)
28 (62)

13 (29)
32 (71)

10 (22)
6(13)
29 (64)

16 (36)
1(2.2)
28 (62)

Time from injury to treatment [days], median (range)

Non-operative management
CRIF
ORIF
Physiotherapy, n (%)
Yes
No

1(1-5)
1*
7(3-13)

18 (40)
27 (60)

* A single case was managed by CRIF (no range given)

Rate of elbow ROM improvement following SHF

The change in the elbow ROM through multiple planes
during recovery is shown in Figure 1. Table 2 shows the
elbow ROM as a fraction of the expected normal range
of motion based on published normative data'’. Flexion
was most markedly reduced, with a median IQR recov-
ery of only 57% 41%-67% of the expected ROM by 12
weeks. Only one patient 2% achieved ROM in the flex-
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ion-extension plane within 15° of expected. Better recov-
ery in supination and pronation were observed Table 2,
with 44/45 98%o0f patients achieving a ROM within 15°
of expected.

While the ROM flexion-extension improved from 4

weeks to 8 weeks, and from 8 weeks to 12 weeks, the
incremental change was greater in the early interval [me-
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dian IQR 32° 24°-40°] than in the later interval [median
IQR 12° 6°-17°, p<0.0001]. Similarly, the improvement
in the ROM supination-pronation plane was greater from
4 to 8 weeks pins and or cast removal [median IQR 10°
4°-20°] than from 8 to 12 weeks post-treatment [median
IQR 0° 0-4°, p<0.0001]. A median IQR of 75% 67-83 of
gains in flexion-extension and 100% 76-100 of gains in
supination-pronation were achieved between week 4 to 8
of follow-up.

Loss of ROM with delay in treatment of SHFs
Delayed surgical management was associated with re-
duced range of motion at 12 weeks follow-up time post-
cast and pins removal. There was a significant inverse
correlation between the time from injury to definitive
management and the elbow ROM in the flexion-exten-
sion plane at 12 weeks 0=-0.42, p=0.005. Assuming a lin-
ear relationship between the variables, for each additional
day of delayed surgery, there was a reduction in ROM
flexion-extension at 12 weeks of 1.8° 95%CI 0.6° to 3.0°;
p=0.005. The relationship between delay in management
and reduced ROM was primarily among patients under-
going ORIF Figure 2, 0=-0.40, p=0.041. Patients under-
going ORIF 7 or more days after injury had a flexion-ex-
tension elbow ROM of 105° 92°-118°, compared to 120°
108°-124° among patients who were operated within 7
days p=0.029. No significant relationship was observed
between timing of non-operative management and out-
come among patients with milder injuries.

Effect of physiotherapy

Among patients who underwent physiotherapy, the me-
dian IQR elbow flexion was 113° 110°-128°, compared
to 129° 120°-137° among patients who did not undergo
physiotherapy p=0.003. However, patients who under-
went physiotherapy also had more severe injury at base-
line p=0.032. Stratifying the cohort by injury severity,
we found no significant differences among patients with
Gartl and type I or II fractures p=0.53; however, patients
with Gartland type III fractures had lower ROM at 12
weeks if they underwent physiotherapy [median IQR 99°
90°-116° versus 122° 106°-125°, p=0.001]. Physiothera-
pists tended to employ an arm sling, resulting in more-
prolonged immobilization: 39% patients who underwent
physiotherapy wore an arm sling for more than 4 weeks
compared to 11% of patients who did not undergo phys-
iotherapy p=0.028. Moreover, use of an arm sling was
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associated with a lower range of motion in the flexion-ex-
tension plane at 12 weeks follow-up p=0.008. Thus, pro-
longed joint immobilization is an important confounder
that may explain why physiotherapy was associated with
restricted elbow ROM at 12 weeks.

Discussion

Our prospective study of outcomes of children with su-
pracondylar fractures is distinct among other reports in
the literature for its setting in a low- to middle-income
country, with severe human resource and infrastructure
limitations within the health care system. While other
series from Africa have described the epidemiology of
supracondylar fractures'™'® and challenges in their man-
agement at resource-constrained settings'’, none have re-
ported outcomes and determinants of poor recovery in
such contexts. Characteristics of our cohort differ mark-
edly from other reports in the medical literature from
high-income settings: notably, delays in definitive surgical
management of a week or more and relatively poor short-
term outcome.

In our cohort, only one patient 2% achieved ROM within
15° of population norms in the flexion-extension plane by
12 weeks follow-up. In contrast, 79% to 97% of patients
had ROM within 15° of the contralateral uninjured elbow
in other series™*'?. These pronounced differences may be
due to several factors. First, different measurement meth-
ods were used: comparison to published norms versus to
the contralateral limb. Second, duration of follow-up was
up to 12 weeks in our study, yet longer in others. Third,
surgical tecnique differed: we used a posterior approach
with triceps splitting whereas other authors used lateral
or medial approaches. Finally, observed differences may
be due to prolonged delays in management in our study
compared to others.

Delays in the operative management of patients in our
study are several-fold longer than other published series
in high-income settings. The median delay in our study, 7
days, was more than 5 times longer than the average re-
ported in these series. In contrast, in a study from the US,
Gartl and type 3 fractures were managed within 19 hours
range 0 to 48 hours’. Another US seties with delays on
the order of days similar to our study involved only type 2
fractures that were managed with closed reduction”. De-
layed surgical intervention may also be common at similar
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centres across the continent and in other resource-limited
hospitals globally. For example, one study from Camer-
oon documented a mean delay of 7 days range 30 minutes
to 120 days from initial consultation to definitive man-
agement of paediatric fractures.”® Increased attention to
patient triage, effective use of operating room resources
and manpower are potential solutions to alleviate the bur-
den of morbidity identified in ours and previous studies.

Several case series from North America, Europe and Chi-
na have evaluated whether delayed management of pedi-
atric SHFs results in increased risk of complications®”*!".
Elbow ROM was examined in several of these seties, and
did not differ among children managed with early versus
late intervention®*'2. However, the magnitude of delay
in these studies was on the order of half a day, in con-
trast to delays of a week or more in our study. Our study
identified delay in surgical management as a significant
determinant of restricted elbow ROM. Major differenc-
es in the time interval from injury to treatment between
our study and series from higher income settings likely
explain this discrepancy. Such extreme delays are outside
the range of clinical practice in higher income settings
and may plausibly lead to the sub-optimal outcomes we
observed.

The role of physiotherapy after operative treatment of
SHFs in children has been studied in a prospective ran-
domized study which included 51 children with isolated
SHFs type II or I1I who underwent ORIF and Kirshner
wiring!". The authors found no significant difference in
the final elbow ROM between patients who underwent
physiotherapy and those who did not, although children
receiving physiotherapy achieved a more rapid return of
normal or near normal elbow ROM. These results con-
trast with our own, which suggested that patients under-
going physiotherapy have a restricted elbow ROM at 12
week follow-up. Several reasons for this discrepancy are
possible: self-selection of more severely affected patients
to seek physiotherapy although the association remained
after adjustment for baseline fracture severity; variable
and non-standardized physiotherapy regimens; variation
between practitioners; variable time spent during each
physiotherapy session, due in part to long wait-times and
high patient volumes; frequency of the intervention one
physiotherapy session per week, which was less than that
recommended by other authors 2-3 sessions per week';
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and use of prolonged elbow joint immobilization. Al-
though the findings of this study would need to be con-
firmed in other studies, reduced elbow ROM at 12 week
follow-up among patients undergoing physiotherapy rais-
es concerns about the quality of care of physiotherapy
services in post-operative pediatric orthopedic care in the
African hospital setting. Further studies are warranted to
ensure physiotherapy interventions, as currently practiced
in resource-limited settings, are not leading to harm.

In summary, pediatric SHFs were associated with resid-
ual restricted elbow ROM in the flexion-extension plane
at 12 weeks follow-up. Delays in operative management
were associated with reduced ROM. Physiotherapy was
associated with restricted ROM, perhaps due to the use
of prolonged immobilization. Relative to published stud-
ies, poor short-term outcomes in our study call attention
to the need for more timely access to definitive surgical
management, and a re-examination of the quality of
physiotherapy services in the African hospital setting,
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