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KNUHUYKN UCTIUTYBAHA

Abstract

The most common complications of elbow trauma are contractures and neurovascular injuries. The
complications can be a result of the initial injury, but they can also be a result of a surgical treatment.
In addition to orthopedic treatment of elbow fractures, physical therapy and rehabilitation play a
significant role in treatment of posttraumatic contractures. The aim of this study was to determine
the effects of physical therapy and rehabilitation of posttraumatic elbow contractures in children.
Materials and Methods: This was a retrospective cross-sectional study conducted in the University
Clinic for Physical Medicine and Rehabilitation, Skopje in the period 01.01.2021 - 01.072022. A total
of 52 children were included, at the age between 2 and 13 years who had a posttraumatic elbow
contracture, limited range of motion, pain and/or limitations in accomplishing daily activities.
Depending on the clinical finding, children underwent a relevant physical therapy (kinesitherapy,
functional therapy, electrotherapy, thermotherapy, hydrotherapy and magnetotherapy) in duration
of three weeks. For assessing the effects of the rehabilitation therapy, the range of motion of the
elbow and forearm was examined along with the Flynn’s scale in all children, prior to and after
completion of the physical treatment. Results: Applied physical treatment resulted in a significant
improvement in all analyzed movements such as: elbow flexion (p=0.00001), elbow extension
(p=0.00001), forearm pronation (p=0.00001), forearm supination (p=0.0000) and Flynn's scale
(p=0.0000). After completion of the rehabilitation treatment, excellent results were registered in 41
(85%) children, moderate in 10 (19.23%) and favorable in 1(1.92%). Conclusion: Timely and adequate
application of physical therapy and rehabilitation can significantly improve the final outcome in
treatment of posttraumatic elbow contractures in children. A combination of different physical
procedures adequately applied and personalized can significantly improve the range of motion of
the elbow.
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N3Bagok

Hajuectire KOMIUIMKAIMU Ha TpaymaTa Ha JIAKTOT ce KOHTPaKTypU M HEeBPOBACKYJIAPHU TOBDE[U.
KomrmkarmmTe Moje fa OUaaT pe3yaTat Ha MHUIMjaTHA TIOBPEIA, HO MO3Ke Jla OMTIaT v pesyaTar Ha
XUPYPUIKK TpeTMaH. [ToKpaj opToMeicKMOT TpeTMaH Ha (hpakTypu Ha J1akToT, (DU3UKaIHA Teparja u
pexabunTaIja UrpaaT 3HAUajHa y7Iora BO TPETMAHOT Ha MOCTTPAYMATCKM KOHTPAKTypH. LlenTa Ha oBaa
crymja Gete fia ce yrBpaar edexrute off pusMKanHa Tepanuja M pexabiMTaIMja Ha MOCTTpayMar-
CKI KOHTPAKTYPU Ha JIAKTOT Kaj Jletjata. Matepujamu u metomu: OBa Gellle PeTpocrieKTUBHA CTyIMja
Ha Tpecek CrpoBejieHa Ha YHUBeP3UTeTCKATa KIMHUKA 3a (U3MKaIHA MeJMIMHA U pexabuiuTariyja,
Ckorje Bo nepuogior 01.01.2021 - 01.072022 ropmua. Briyuenn ce BKymHo 52 fiella, Ha BO3pacT mery 2 u
13 roaMHY KOM MMaJte TOCTTpayMarcka KOHTPAKTypa Ha JIAKTOT, OrpaHuYeH OTICer Ha JIBVKersa, 0K
W/1T OrPAaHNUYBAkba BO M3BPIIYBAKETO HA CEKOjIHEBHITE aKTUBHOCTA. BO 3aBUCHOCT Off KIMHUYKUOT
HAo], Ha JleriaTa nM Oellle M3BpIIeHa COO/IBeTHA (hM3MKAITHA Teparuja (KuHesuTepanuja, hyHKIMOHAIHA
Tepanuja, eJleKTpoTepariija, TepMoTepanuja, XuapoTeparija 1 MarHeToTeparuja) B BpeMeTpaerwbe o]
TP HeJle/. 3a MpolieHKa Ha edeKTiTe Of] Teparujarta 3a pexadWinTarija, orceroT Ha JBIKee Ha
JIAKTOT M TIOJITAKTUIIATa Oellle HemiTyBaHa 1 (DIMHOBATA CKaJla Kaj CHTe Jelia, TPE]] 1 110 3aBPIIYBABETO
Ha usuukmoT TpetMaH. Pesynrati: TTpuMeneTrot (usMKaneH TpeTMaH pesynTupanie co 3HaUUTeTHO
nono0pyBatbe Ha CUTe aHATM3MPAHU JIBIKEbA KAKo MTo ce: dhrekenja Ha naktoT (p=0,00001), ekcren-
3uja Ha j1aktor (p=0,00001), mpoHaimja Ha nojyiaktiiara (p=0,00001), cymiHaliMja Ha TOJUIAKTHLIATA
(p=0,0000°s) n dmmroa ckana (p=0,0000). [1o 3aBpuyBameTo Ha peXxabOWIMTALMOHUOT TPETMaH, Off-
JIAYHN pe3yTaT ce 3abenekann Kaj 41 (85%) mete, ymepenn Kaj 10 (19,23%) n noBonuu Kaj 1 (1,92%).
3axnydok: HaBpemeHara i aJieKBaTHa MpriMeHa Ha (py3MKaTHa Teparnuja 1 pexaOriTalija MoKe 3Ha-
UUTEJTHO 1A TO TOZI00PY KPajHUOT UCXO[L BO TPETMAHOT Ha MOCTTPAYMATCKU KOHTPAKTYPH Ha JIAKTOT Kaj
Tnetiata. KombuHaImjata Ha PasIMaHi GU3MUKE MPOLIEYPY COOJIBETHO MPUMEHETH 1 TIepCOHAM3MPAHH
MOKe 3HAUMTEITHO [1a TO MOI00PY OTCEroT Ha [IBIKEHE Ha JIAKTOT.



Introduction

Elbow fractures account for about
16% of all skeletal injuries in child-
hood. Supracondylar humerus
fractures are the most common
fractures in children and they com-
prise about 60% of all pediatric
fractures; the largest number of
these fractures occur in children
in their first decade of life.' The in-
cidence of elbow fractures in chil-
dren is variable and depends on
many factors, and is opposite to the
relatively small incidence of elbow
fractures in adults. Elbow fracture-
sare usually a result of trauma.
Falling from a height is the cause
of 70% of cases.? The largest num-
ber of supracondylar fractures in
children happen due to fall on an
outstretched hand, and hence, this
mechanism is frequently named
with the acronym FOOSH.3It means
that the extended elbow suffers a
severe compression, especially the
distal humerus. Flexion injury hasa
direct impact on the olecranon of
the flexed elbow. Immature bone
is subject to twisting, but absorbs
a lot of energy before breaking. In
childhood, there is a much high-
er percentage of cartilage than in
adulthood, and consequently this
percentage diminishes as the child
grows. Therefore, there are signifi-
cant differences in bone fractures
between children and adults.*?

The impact of different factors re-
lated to injury as well as therapeu-
tic intervention on bone, soft-tissue
and other structures in the elbow
area can cause posttraumatic elbow
contracture as a recognized sequel-
ae in these injuries. Posttraumatic
elbow fractures with different range
of motion can happen even after ad-

equately realized orthopedic treat-
ment.°

Elbow fractures are manifested
with clear and obvious deformities
to hidden and barely seen radiologi-
cal changes. Complications in elbow
injuries can be a result of the initial
trauma, but they can also be a result
of the surgical treatment. The most
common complications of elbow
trauma are angulation deformities
and neurovascular injuries.”® The
incidence of complications primar-
ily depends on the severity of the in-
jury, and can be reduced by prompt
and adequate treatment. Early di-
agnosis and treatment significantly
improve the clinical outcome.

In addition to the orthopedic treat-
ment in elbow fractures, physical
therapy and rehabilitation also play
an important role in treatment of
posttraumatic elbow contractures
and their related complications.9
For management of pain and swell-
ing and prior to initiation of kine-
siotherapy, several forms of physical
procedures can be used. Different
physical agents are applied, and they
influence on physiological and func-
tional regeneration of tissues, cre-
ation of biologically active materi-
als, improvement in circulation and
cellular metabolism. They are com-
bined with kinesitherapy, hydro-ki-
nesitherapy, functional therapy and
thermotherapy. Various heat proce-
dures (paraffin therapy) act on pain
relief; they reduce the increased
muscle tonus and improve elastic-
ity and extensibility of fibrous tis-
sue around the elbow. From pho-
totherapy modalities infra-red and
ultraviolet rays are used, and from
electrotherapeutic procedures the
following are applied: interferen-
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tial currents, diadynamic currents,
electrophoresis with drugs and gal-
vanic current.

The goal of the physical treatment
in elbow fractures is complete bone
consolidation, achievement of pain-
less and full range of motion by elim-
inating the present contracture, im-
provement in muscle strength and
stability of the joint. By application
of physical therapy and rehabilita-
tion, onset of deformities is pre-
vented and children can return to
their daily activities.

The aim of this study was to de-
termine the effects of physical and
rehabilitation treatment of elbow
contractures in children.

Materials and methods

This was a retrospective cross-sec-
tional study conducted in the Uni-
versity Clinic for Physical Medicine
and Rehabilitation in Skopje in the
period 01.01.2021 - 01.07.2022. The
sample consisted of 52 children
with posttraumatic elbow contrac-
ture, limited range of motion, pain,
reduced stability in the joint and/or
limitation in performing daily ac-
tivities. Following primary surgical/
conservative intervention, children
were treated on an outpatient basis
at the University Clinic for Physical
Medicine and Rehabilitation in Sko-

pje.

Inclusion criteria for participation
in the study: age from 2 to 13 years,
regardless of gender, with limited
range of motion of the elbow in any
angle, limited range of motionof the
adjacent joints, damage to the nerve
structures, regardless of previous
treatment by ansurgery doctor. Ex-
clusion criteria: blood vessels lesion,
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open fractures and age >13 - <2.

Anamnestic data comprised: age,
gender, side of injury, type of frac-
ture, time elapsed from injury to
initiation of rehabilitation therapy.

Physical therapy was started after
removal of cast immobilization,
with/without removal of osteosyn-
thetic material. Children included
in the study were examined by a
Physiatrist, and physical therapy in
duration of three weeks was recom-
mended. Depending on the clinical
finding, children were involved in a
relevant physical therapeutic pro-
gram.

All children underwent kinesither-
apy and functional therapy, and
therapeutic choice for the other
procedures of physical therapy (in-
terferential currents, diadynamic
currents, electrophoresis with KJ,
galvanic currents, magnetotherapy,
cryotherapy, paraffin therapy and
hydrotherapy) was recommended
in line with the clinical and radio-
graphic findings. Kinesitherapy
consisted of active, active-assisted,
active and active exercises with in-
dividual resistance that was pro-
gressively increased depending on
the clinical finding. Having in mind
the age of the child and local find-
ing, functional therapy included
different techniques and activities
to increase the range of motion of
the joint, to improve the muscle
strength and to improve the func-
tional status. Therapeutic program
was individually adapted in line with
the results obtained during therapy.
At the same time, we educated and
trained the parents to implement
the exercises with their children at
home.



Parameters for assessment of the
rehabilitation treatment effects
were: range of flexion and extension
of the elbow, pronation and supina-
tion of forearm on the side of the
elbow fracture. Plastic goniometer
with a minimum deviation of 1o was
used. Measurements were done in
all children prior to and after com-
pletion of the physical treatment.

The range of motion of the elbow on
admission and after completion of
therapies was also assessed with the
Flynn’s four-degree scale for each
patient as follows: a) grade/score 3 =
full range of motion of the elbow or
limitation of 50; b) grade 2 = limita-
tion of the range of motion of 5 to
100; c) grade 1 = limited amplitude
of motion of 10-150; d) grade 0 =
poor therapeutic result with limited
range of motion of more than 150.1°

Statistical analysis

Data obtained were analyzed with
the SPSS software package, version
22.0 for Windows. Qualitative series
were analyzed with the coefficients
of relations, proportions and rates,
and quantitative series with mea-
sures of central tendency (average/
mean, mediana, minimal and maxi-
mal values), as well as with mea-
sures of dispersion (standard devia-
tion). Shapiro-Wilk W test was used
for determination of the normal dis-
tribution of frequency of the exam-
ined variables. Pearson Chi-square
test was used for determination of
the association between certain at-
tributive dichotomous features. Dif-
ference test was used to compare
the proportions. Wilcoxon Signed
Ranks test was used for analysis of
numerical variables between two
measurements. To define the statis-

tical significance, a two-way analy-
sis was used with a level of signifi-
cance of p<0.05.

Results

The study included 52 children with
posttraumatic elbow contracture,
39 (75%) were boys and 13 (25%) were
girls and the ratio between genders
was 3:1, with a significant female

preponderance (Difference 50%
[(31.32-63.81) CI 95%]; p=0.0001).

The mean age of the entire group
was 6.72+2.72 years with min/max
of 2/12 years, and 50% of them
were at the age <6.5 years for me-
dian (IQR)=6.5 (5-9). The mean age of
boys was 6.41+2.59 years with min/
max 2/12 years and median (IQR) =
6 (5=9). The mean age of girls was
7.77+2.95with min/max 4/12 vyears
and median (IQR) = 8 (5-10). There
was no significant difference be-
tween genders and age (Mann-Whit-
ney U Test: Z=-1.405; p=0.1599).

The most frequent type of frac-
ture was supracondylar, found in
30 children (57.69%), and the rarest
was the fracture of the medial con-
dyle, found in only one child (1.92%).
There was no significant percentage
difference in the frequency of pre-
vious surgical/conservative treat-
ment and in the affected left/right
hand, for consequently p=0.6961 vs.
p=0.4345. Only 6 (11.54%) children
with elbow contracture suffered
from involvement of a peripheral
nerve (Table 1).
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Table 1. General and clinical parameters

General parameters N (%)
Gender
boys 39 (75%)
- p=0.0001*
girls 13 (25%
Type of fracture
supracondylar 30 (57.69%)
olecranon 3(5.67%)
radial head 5(9.61%)
proximal forearm 2 (3.85%)
lateral condyle 11(21.15%)
medial condyle 1(1.92%)
Treatment
surgical 25 (48.07%)
- p=0.6961
conservative 27 (51.92%)
Hand
left 24 (46.15%)
right 52 (53.85%) p=0.4545
Peripheral nerve lesion
no 46 (88.46%)
p=0.0001*
yes 6 (11.54%)
Affected peripheral nerve
n.medianus 1(16.67%)
n.radialis 2 (33.33%)
n.ulnaris 3(50%)

1Difference test;  *significant for p<0.05

The average number of days from in-
jury to rehabilitation in all children
was 28.54+9.86 days with min/max
of 15/60 days, and in 50% of children
with <28 days for median (IQR)=28
(20.5-30). This period was 28.05+8.75
vs. 30£12.93 in boys vs. girls, respec-
tively, without a significant differ-
ence between genders (Mann-Whit-
ney U Test:Z=-0.032; p=0.9747).

The number of rehabilitation days af-
ter posttraumatic elbow contracture
ranged from minimum 10 to maxi-
mum 20 days. On average, rehabili-
tation lasted 16.15+2.55 days, without
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a significant difference between gen-
ders (Mann-Whitney U Test: Z=-0.063;
p=0.9494). In 75% of children the re-
habilitation length was <20 days.

In children with posttraumatic el-
bow contracture, after completed
rehabilitation compared to the con-
dition prior to its initiation, there
was a significant improvement in
all analyzed movements such as:
elbow flexion (p=0.00001), elbow
extension  (p=0.00001), forearm
pronation (p=0.00001), forearm supi-
nation (p=0.00000) and Flynn’s scale
(p=0.00000) (Table 2).



Table 2. Comparison of movements prior to/after rehabilitation of posttraumatic elbow

contracture
Intergroup Comparison of movements at two time points after posttraumatic
comparison elbow fracture
Nu&})er Meant SD Min/Max  Median (IQR) Mean Rank

Elbow flexion
before treatment 52 105.38+12.-5 35/145 110 (95-120) 0.00 7=-6.105;
after treatment 52 130.19415.53 85/165 135 (120-140) 25.00 p=0.00001*
Elbow extension
before treatment 52 -24.33£1945 -70/0 -20 (-40-10) 0.00 7=5.991:
after treatment 52 0.19+139 0/10 0(0-0) 24.00 p=0.00001*
Forearm pronation
before treatment 52 71631991 10/90 80 (52.5-90) 0.00 7=-4471;
after treatment 52 83.94+769 50/90 85(80-90) 15.00 p=0.00001*
Forearm supination
before treatment 52 7788+13.98 30/90 82.5(70-90) 0.00 7=-4487:
after treatment 52 86.35+6.27 50/90 90 (85-90) 13.50 p=0.00001*
Flynn scale
before treatment 52 0.56+0.78 0/3 0(0-0) 0.00 7=-001;
after treatment 52 2774047 1/3 3(33) 26,00 p=0.00001*

Wilcoxon Signed Ranks Test*significant for p<0.05

The additional analysis showed that
none of the children with posttrau-
matic elbow contracture who under-

after physical treatment was regis-
tered in 3 children in elbow flexion,
23 children in forearm pronation, 26

went physical treatment experienced
exacerbation in movements after
treatment compared to pre-treat-
ment. Unchanged condition before/

children in forearm pronation and in
1 child with unchanged score on Fly-
nn’s scale (Table 3).

Table 3. Changes in movements after physical treatment in children with posttraumatic
elbow contracture

Comparison of movements at two time points after posttraumaticelbow fracture

before/after
Extension -
elbow

before/after
Pronation-fore-
arm

before/after
Supination -
forearm

before/after
Determined Flexion - elbow
change

before/after
Flynn scale

after<before - 0
after>before - 51
after=before - 1

after<before - 0
after>before -26
after=before -26

after<before - 0
after>before -29
after=before -23

after<before-0 | after<before-0
after>before - 49 | after>before - 47

after=before-3 | after=before -5

SIgn Test
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Table 4. Analysis on Flynn's scale of mobility before/after rehabilitation treatment

Flynn scale
score

Before treatment
N (%)

After treatment
N (%)

3 = excellent 1(1.92%) 41(85%)
2=good 6 (11.54%) 10(19.23%)
1= favorable 14(26.92%) 1(1.92%)

0 - unsatisfactory

Total

Prior to physical treatment, unsatis-
factory range of mobility was deter-
mined in majority of children with
posttraumatic elbow contracture - 31
(59.61%). After completion of the reha-
bilitation treatment, excellent results
were registered in 41 (85%) children,
good in 10 (19.23%), and favorable in
1(1.92%). There was no unsatisfactory
mobility in none of the children after
physical therapy (Table 4).

Discussion

Although the elbow is one of the
most stable joints in the human body,
posttraumatic contractures to elbow
area are common. Posttraumatic el-
bow contractures that appear as a se-
quelae of elbow trauma in pediatric
population are of different degrees of
limitation in the elbow joint. These
contractures can be a result of the
injury type, diagnostic examination,
modalities of treatment, and they
certainly pose a significant therapeu-
tic problem. After accomplishment of
orthopedic and surgical treatment,
physical therapy and rehabilitation
play an important role in improve-
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31(59.61%)

ment of the elbow range of motion
and overall functional improvement
in patients." The application of Kki-
nesitherapy, functional therapy in
combination with the other physical
procedures has a favorable impact
on the outcome in treatment of post-
traumatic contractures.'?

Elbow fractures in children hap-
pen in their first decade of life, most
often in children aged 3-10 vyears,
withthe peak incidence in the 5- to
8-year-olds. In our investigation,
the mean age of children with elbow
contracture was 6.72+2.72, which was
in agreement with literature data.

In our sample, 75% of children with
posttraumatic elbow contracture
were boys, and in all patients the in-
jury was a result of a fall on the el-
bow area, which was in correlation
with the results presented by other
authors.’>! In the literature, fall has
been reported as a cause of supracon-
dylar fractures in 90% to 95% of chil-
dren. Contracture in the elbow area
can also appear secondary as a con-
sequence of a surgical intervention,
manipulation of fractured fragments
and prolonged physical therapy.”



Therefore, the success of treatment
depends on various factors including
the choice of physical modalities as
well as the response of the tissue to
physical therapy.

Many authors have reported their
results with regards to treatment of
elbow fractures, but without precise
presentation of the ratio between
the time when injury happened and
start of rehabilitation. However, all
authors have agreed that there is cer-
tain limitation in the elbow range of
motion after removal ofcast immobi-
lization. In our sample, the average
number of days from injury to reha-
bilitation was 28.54 days, and the av-
erage length of outpatient treatment
was 16.15 days. The limitation of this
study was no long-term follow-up
when there still might be a certain
degree of elbow contracture in spite
of the applied physical therapy and
rehabilitation. A very small number
of authors have reported on the dy-
namics of regaining range of motion
of the treated elbow.'®1%2021 Orthope-
dic surgeons recommend physical
therapy after removal of the immo-
bilization in elbow fractures.??>?*> Con-
trary to this, some authors consider
physical therapy not necessary after
treatment of supracondylar humer-
us fractures.? Other authors advise
physical therapy only in case of se-
vere limitation in the elbow range of
motion, in which the range of motion
is unsatisfactory after certain postop-
erative period.”

In his study, Keppler assessed the ef-
fects of physiotherapy in improving
the range of motion of the elbow af-
ter supracondylar humerus fractures
in children. He examined 51 patients
who had been surgically treated. One
of the conclusions in his study was

that physical therapy enabled a more
rapid returnof normal elbow range
of motion in the first 20 weeks after
trauma.'®

The incidence of specific nerve inju-
ries varies in the literature. Primary
lesions are a direct result of the trau-
ma, whereas the secondary lesions
appear during surgery, management
of fractured fragments and onset of
edema in the adjacent tissue.?® In gen-
eral, it is considered that the most
common are median nerve injuries
(28%-60% of all nerve injuries), fol-
lowed by radial and ulnar lesions.?%®
In our investigation, peripheral nerve
lesion was encountered in 11.54% of
children and the prevailing was ulnar
nerve injury.

The final result of treatment of el-
bow contractures with physical ther-
apy in children included in our study
was excellent. After completed reha-
bilitation compared to the condition
prior to its initiation, a significant
improvement in the elbow range of
motion was observed in all move-
ments (flexion, extension, pronation
and supination). Also, regarding the
Flynn's scale excellent results were
achieved in 85% of children. There
were no unsatisfactory results. These
results are similar to those of treat-
ment outcome in supracondylar el-
bow fractures in studies with long-
term follow-up.?*3°

Our results also showed that kine-
sitherapy, functional therapy and
hydro-kinesitherapy in combination
with the other physical agents ap-
propriately adjusted to the time pe-
riod that corresponds to the clinical
findings can be of substantial impor-
tance in treatment and outcome of
treatment of posttraumatic elbow
contractures in children. Elbow frac-
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tures might cause functional morbid-
ity and restricted range of motion,
hence great attention should be paid
to these fractures when establish-
ing the diagnosis and conducting the
treatment. Prompt diagnosis and ap-
propriate orthopedic treatment as
well as timely and adequately applied
physical procedures within the over-
all treatment can significantly im-
prove the final outcome of treatment.

A combination of various physical
procedures adequately applied and
adjusted can significantly improve
the range of motion of the elbow.

Conclusion

Any delay in rehabilitation of an el-
bow fracture can cause disability and
can have a negative impact on further
mental and physical development of a
child. Therapeutic approach to post-
traumatic elbow fractures should be
personalized and adequately adjust-
ed, employing huge patience of all
the involved parties.
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