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ABSTRACT

Pediatric supracondylar fracture of distal humerus frequently occurs within 10 years of age with peak at 6-7
years. There is higher incidence of complications such as neurovascular compromise and late cubitusvarus
deformity if left untreated at initial stages. This often occur because of important neurovascular
structures are crossing the elbow region which hold different anatomic characteristics as well. This article
is based on appraisal of the classification, clinical evaluation, and with particular emphasis on the
management of each type especially short term complications which may occur with fracture

displacement.
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INTRODUCTION

Fracture in distal end of humerus more specifical-
ly extra articular fracture which involve supracon-
dylar region of distal humerus in school going age
of children (7 years)'. Most commonly results after
fall on outstrefched hand, such fractures were
managed with reduction and correction of defor-
mity at elbow which usually require general anes-
thesia followed by application of plaster of paris
(POP or Fiberglass) above elbow and maintain
position of elbow with >100° flexion. However, it is
difficult to keep >100° elbow flexion as it may lead
to vascular compromise so supracondylar fracture
after correction of displacement, alignment and
rotation need internal fixation with Kirschner wires
(K- wires) either by closed technique or in rare
circumstances open reduction and internal fixation.
This is how we can avoid hyperflexion at elbow so
minimize vascular complications. It is utmost import-
ant to reduce such fracture of any type except
type 1 because these fractures will not heal
without development of complications such as
compartment syndrome or cubitusvasus deformity
in neglected and maltreated cases? The data was
retrieved by searching the keywords Pediatric,
Classification, Compartment syndrome, Fracture
Fixation on search engines like Pubmed and Med-
line. This article reviews the classification system,
reduction technique and management of vascular
complications.

DISCUSSION

Pathoanatomy

Distal end of humerus, which represents supracon-
dylar region in addition of both medial and lateral
humeral condyle and represent 12-17% of children
fracture®. Supracondylar fracture resulted most
often in school going children (7-8 years) whose
bones are still immature and distributed among
boys and girls with 1.22:1.0 ratio*. This supracondylar
region is undergoing remodeling and relatively thin
cortex during this age therefore predisposes such
fracture. Most of supracondylar fracture is resulted
after fall onto an outstretched hand. Most common
extension type injuries, which account 95% of supra-
condylar fracture that, exactly resulted when
olecranon process of ulna pushes the distal
fragment and thus displaced it posteriorly®. In com-
parison to extension injuries, flexion injuries account
2-5% of cases and is often the result of mechanism
of fall opposite to pattern which leads to extension
injuries, which is due to fallon bend Elbow of 900 or
more.

Figure 1: Depict a) Extension Type b) Flexion type.
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Classification

Gartland has discribed the supracondylar fracture
in 1959 and till date most of orthoapedic surgeon
still applying this classification. Based on degree of
displacement of fracture usually distal fragment, he
divided extension injury into 3 types, these are type
I non-displaced supracondylar fracture and type |l
displaced fracture with intact posterior cortex and
type Il completely displaced with no cortical
contact between two fracture fragment left. Gart-
land considered flexion type injury separafely?®.
However there are some limitation in his classifica-
tion, since neurovascular status of limb which may
be severed in such supracondylar injuries were not
considered in his classification.

Gartland
Type 1

Gartiand
Type3

Gartland
Type 2

Figure 2: Showing Gartland'’s classification.

Wilkins” in 1984 modified Gartland’s classificafion to
create subdivision of Type- Il and Type-lll and he
include Type-IV in his descripfion. Type-IllA fracture
being stable with no roftational abnormity and
type-lIB fracture being unstable having some
degree of roftation and angulation posteriorly.
While Type-llIA with posterior-medial and Type-llIB
posterior-lateral distal fracture fragment displace-
ment. Type IV fracture, in which there is complete
loss of periosteal hinge anteriorly and posteriorly
and instability in both flexion and extension (Figure
1)8.

Flierl et al’ retrospective review showed that Type
lIB fractures were eventually leads to complica-
fions such as elbow stiffness and median or ulnar
nerve injuries however, according to Heal et al®
freatment based on fracture configuration. Table 1
shows Wilkins Modified Gartland’s Classification. Lim
et al'' reported in his refrospective study a group
of patients with fracture spike angle (<45°) had
narrow fracture fip-skin distances, more surgical
fime and higher complications in comparison with
control group. It is utmost important to determine
such x-ray findings preoperatively that alert
orthopedic  surgeon tfo anficipate potential
problems that one has to face while manipula-
fion and reduction of fracture and may
encounter frouble in open reduction.
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Table 1: Wilkins Modified Gartland’s Classification.

Type Characteristics

| Non -displaced

Angulated with intact posterior cortex and

H-A | Without rotation

Il-B | Angulation with rotation

Posterior - medial displacement with infact

W-A 1 Medial periosteal hinge

Nl -B Posterior - lateral displacement with intact
Lateral periosteal hinge

|V Unstable fracture in Flexion and Extension

with completely disrupted Periosteum

Clinical Evaluation

Limb must be complefely examined in children
who sustained injury around elbow since ipsilater-
al forearm and wrist injuries are not uncommon.
Such combine injuries may develop compartment
syndrome. Elbow is being assessed for appearance
of obvious deformity  associated with swollen
elbow and skin tethering or bruised / ecchymosed
skin of cubital fossa pointed out proximal fragment
of fracture which has buftoned out of torn brachio-
lis muscle and also precede neurovascular injuries.
Hence, it isimportant fo examine vital structure
simply fo feel distal pulsation of radial and ulnar
arteries and vascular perfusion assessment by
color and temperature of hand must be record-
ed.

Clinical presentation of limb with pediatric supra-
condylar fracture of distal Humerus has different
freatment approach, not only fracture configuro-
fion would alter freatment strategies but particular
fracture types especially type llland IV when associ-
ated with neurovascular compromise. In these
injuries, limb must be thoroughly evaluated for
vascular injury clinically. Patient with apale, cold,
hand with capillary refill time >2sec suggests that
limb is poorly perfused, will eventually being man-
aged differently than fo a pink, warm hand with
apalpable distal pulses. Secondly, common nerves
that cross elbow are median nerve with anterior
inferosseous branch injury associated with exten-
sion type of fracture, radial nerve injury when
fracture displaced posteriolaterally and ulnar nerve
injury is associated commonly in flexion type frac-
tfure must be recorded if any of these abnormal
findings resulting from neurovascular injurypresent
that ultimately change freatment strategies.

Compartment Syndrome

Compartment syndrome may be present during
initial injury or afterwords so serial examinations are
necessary that include patient'spain  grades,
response analgesics and posterior slab. Clinical
features includeexcruciating pain which requires
increasing doses of analgesics may be due to
ischemia and eventually develop compartment
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syndrome'?. Other symptoms of pallor, paralysis and
paresthesia develop late and represent irreversible
fissue damage. The muscle will be affected as soon
as 4-6 hours after the onset of abnormally high com-
partmental pressures, which result in Volkmann
contracture of limb secondary to development of
compartment syndrome, such consequences, can
be avoided by making early diagnosis.

A tense swollen forearm and positive stretch test are
earlier signs that indicate development of compart-
ment syndrome and warrant urgent release. In rare
circumstances, when unable to assess compart-
ment syndrome especially pediatric population
then compartment pressure measurement should
be obtained'.

Radiographs

Images of the anterior-posterior elbow (AP) and a
lateral view are taken. The Baumann angle is mea-
sured on elbow x-ray AP view (Figure 3), which is the
angle between the longintramedullary axis of the
humerus and the line along growth plate of lateral
humerus condyle. A normal angle ranges between
850 and 890. An increase in angle suggests the
varusangulation of the fracture. In the lateral view
the anterior humeral line should pass through the
capitellum, in addition to that posterior fat pad sign
become sometimes evident on lateral view of
elbow x-ray, such sign is the result of hamatoma of
fracture when displacesto posterior olecranon fat
pad. Occasionally an oblique view of the elbow is
obtained to visualize the occult fracture, which is
not evident in the standard AP and lateral views.'

Figure 3: Showing AP View (a) Baumann'’s angle (b)
Anterior humeral line.

MANAGEMENT

Closed Reduction

First phase of restoration, followed by realignment
of the distal fragment to the humeral shaft, tfraction
is applied to the arm to free the proximal fracture
fragment from the brachialis muscle, longitudinal
fraction is applied with surgeon and assistant
provide countertraction with elbow in extension
and supination in an aftempt to counteract the
edges of both fragments. Therefore, the assistant
maintains the stabilization, and then next step is to
correct displacement in either direction.

Correction of medial displacement is accom-

plished by pronatfing the forearm so that medial
periosteal hinge become tightened simulfaneous-
ly apply valgus force and translation with one
hand. Similarly, lateral displacement of fracture is
corrected with the forearm supination in order to
fighten lateral periosteal hinge and apply varus
stress and franslation with one hand.

Khare, et al. who noted that forearm pronation was
more effective than supination in  reducing the
posterolaterally displaced supracondylar fracture's.

Then direct the angulation and displacement of the
fracture with extension type fracture, the elbow is
flexed at 1200. While pushing the distal fragment to
reduce it, it can be done by positioning the thumb
on the olecranon and levering on theforearm while
the elbow is flexed, a posterior direct force is
applied to the proximal fragment, the flexion is
maintained to contain the reduction and the
K-wires are then insertedlaterally under C- arm
images.

Open Reduction

Open reduction and fixation with k-wires indicated
when there is open fracture, pale ischemic limb that
does not revascularize with reduction of closed
fracture, failure of reduction with closed treatment'®
and if there is neurovascular damage and requires
exploration of both arteries and nerve'. Open
reduction is also indicated when pucker’s sign
present clinically, such finding should be consid-
ered and helps in making decision to proceed for
open reduction.

Gartland Type |

Gartland type | fractures can be treated effec-
fively with above elbow cast at 900 flexion and
cast remain for three to four weeks's. Be aware
pressure effect of cast on neurovascular structure
at anterior cubital fossa which can be avoided
by altering method of application of cast. Accord-
ing to Thomson et al. upper plaster layer is applied
in a figure of eight over anterior of elbow, followed
by application of second layer in conventional
pattern’?.

Gartland Type I

Angulated fractures but the infact posterior cortex
requires reduction. Closed reduction and casting
for type Il supracondylar fractures is a feasible freat-
ment option, but some patients will not maintain the
initial reduction in plaster®.

This study sought to identify predictive factors such
as failure of closed reduction and castfing for these
fractures. The degree of extension of fracture based
on the anterior humeral line on lateral radiography
was significantly related to freatment failure. Anoth-
errisk factor predicted in the study was the width of
the soft tissue shadow of the upper arm on x-ray film
affer reduction and when an elbow flexion is
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required greater than 900 to maintain the reduction
of the fracture, then percutaneous pins must be
inserted. Most authors agreed for closed manipulo-
fion and reduction followed by fixation of K-wires
percutaneously?'. While hyperflexion at the elbow
may be associated with vascular compromise?*23,

Gartland Type Il

This fracture is particularly prone to neurovascular
compromise. Closed reduction and percutaneous
fixation are the preferred freatment option for
displaced fractures. Fractures with conservatively
managed displacement have a higher incidence
of residual deformity than those freated with reduc-
tion and fixation with k-wire?. Optimal manage-
ment consists of a percutaneous wire fixation in an
urgent manner and at least within 24 hours. Certain-
ly, a child with a probableoperative treatment must
be admitted for close observation of the distal
neurovascular status while awaiting surgical treat-
ment. Occasionally an open reduction is required
approached from front or side of elbow. The elbow
may be assessed anteriorly which get direct expo-
sure of neurovascular structures (brachial artery
and median nerve) in addition, this minimize elbow
confracture as well.

Closed manipulation and reduction followed by
inserfion of percutaneous insertion of k-wire are
indicated for unstable but reducible fractures and
usually those supracondylar fractures, which require
maintaining a ?0-degree of elbow flexion.

The most common wire configurafions include a
two or three-wire or a medial and lateral crossover
wires?>2, Previous studies have suggested that the
laterally inserted K-wires were not get better results
than crossed K-wire placement.?”” 2 Zhao et al.?
compared the risk of iatrogenic injury to ulnar nerve
when medial k-wire was being inserted. More cases
of iafrogenic ulnar nerve injury were associated with
crossed K-wire placement when compare to lateral
k-wire insertion. Karim et al.*®* compared the results
of cross-wire and lateral wire configurations in the
management of supracondylar humeral fractures
found significant difference in stability between the
group of crossed k-wires and the lateral k-wires.
Lateral k-wire resulted in less stable fixation. The
crossed pins fixations were associated with neuro-
praxia secondary to iatrogenic ulnar injury. This
study showed that stability of fracture with stable
fixation methods are utmost important and usually
C-arm is required to guide correct placement of
K-wire. If a medial wire is fo be used then elbow
must be in extension in order to avoid injury to ulnar
nerve’',

However, Jaeblon et al.®2in his work, he concluded
that the configurations of the lateral placed k-wire
provide enough stability to the such fracture and
maintaining the reduction of in different planes
(transverse, sagittal, oblique and transverse elevat-
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ed fractures) without any iafrogenic nerve injury.

Frequently increase in the risk of iafrogenic nerve
injury in the crossed-wire group was observed in one
study®. The fixations with K-wires in supracondylar
fracture humerus is not free from unwanted com-
plications, in fact lead to greater incidence of
iafrogenic nerve injury partficularly associated with
medial placed wire hence, K-wire configuratfion
remains a controversial, it is utmost important to
avoid injury to ulnar nerve if crossed wires method of
fixation are being used. A 2mm k-wire is inserted in
diverging posifion to each other in order to improve
fracture stability.

Management of Supracondylar Fracture with
Neurovascular Compromise

Mangat et al. 3 found association between median
nerve branch (AIN) injury with sharp spike of
fracture. Such injury requires early surgery fo
address anterior interosseous nerve injury (AIN). The
arterial injury in a fracture may result in different
ways. Hence, the brachial artery can be tense,
bruising or divided. Neurovascular injury fo limb with
no pulse palpable should raise suspicious of an
brachial artery injury. Pediafric Supracondylar
humerus fractures with a pulseless and poorly-per-
fused hand should be operated emergently. If the
limb still remains pulseless after the closed manipu-
lation under anesthesia and reduction with k-wires
fixation, prompt vascular exploration, and repair (if
required) should bedone. While pulseless limb but
well-perfused hand should be operated urgently
with closed reduction and fracture fixation. If the
limb still remains pulseless after the surgery, vascular
status should subsequently be reassessed®.

For vascular exploration, a standard anterior
approach was performed through a ‘“lazy S”
incision at the centre of the cubital fossa. Scannell
et al* presented cases of pulseless limb but well
perfusion noticed in fractures that were freated
with closed manipulation and K wire insertion
followed by postoperative neurovascular status
assessment.

Gartland type-lll, supracondylar humerus fracture
accounts majority of cases and 4" of the patients’
cohort had successfully returned distal vessels flow
after the successful closed reduction of the fracture
detected clinically with palpable pulse. However,
Welleret®® who presented a series of 20 patients
of type lll fracture with pink pulseless hand, after
closed reduction and fixation, patients’ limb was
monitored for vascular status, 19 of patients had
return of radial pulse with absence of any conse-
quences. Therefore, it is stated that after optimal
freatment of such injuries, limb should be moni-
tored for 24 hours to 48 hours.
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CONCLUSION

Supracondylar fracture of distal humerus s
common injury in children and can be associated
with neurovascular complication. To avoid poten-
fial consequences such as deformity and neurovas-
cular compromise, one must perform through
assessment of limb of child who has sustained supra-
condylar fracture of distal humerus. However,
closed manipulation and reduction is preferred
freatment option, but occasionally require open
reduction and fixation with K-wire in order to limit
morbidity associated with this injury.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
AUTHORS CONTRIBUTION
All authors equally contributed to this study.
REFERENCES

1. Cheng JC, Shen WY. Limb fracture pattern in
different pediafric age groups: a study of 3,350
children. J Orthop Trauma. 1993;7(1):15-22.

2. British Orthopaedic Association. British Orthopae-
dic Associafion Standards for Trauma (BOAST).
BOAST 1: Hip fracture in the older person. Br Orthop
Assoc. London. 2008.

3. Khoshbin A, Leroux T, Wasserstein D, Wolfstadt J,
Law PW, Mahomed N, Wright JG. The epidemiology
of paediatric supracondylar fracture fixation: a
population-based study. Injury. 2014;45(4):701-8.

4. Henrikson B. Supracondylar fracture of the humer-
us in children. A late review of end-results with
special reference to the cause of deformity, disabili-
tfy and complications. Acta Chir Scand. Supple-
mentum. 1966;369:1-72.

5. Amis AA, Miller JH. The mechanisms of elbow
fractures: an investigation using impact tests in vitro.
Injury. 1995;26(3):163-8.

6. Gartland JJ. Management of Supracondylar
Fractures of the Humerus in Children. Surg Gynecol
Obstet.1959;109: 145-154

7. Rockwood CA. Rockwood and Wilkins' fractures
in children. Lippincoft Williams & Wilkins; 2010.

8. Leitch KK, Kay RM, Femino JD, Tolo VT, Storer SK,
Skaggs DL. Treatment of multidirectionally unstable
supracondylar humeral fractures in children: a mod-
ified Gartland type-IV fracture. JBJS.
2006;88(5):980-5.

9. Flierl MA, Carry PM, Scott F, Georgopoulos G,
Hadley-Miller N. Rotation and displacement predict
adverse events in pediatric  supracondylar
fractures. Orthop. 2015;38(8):€690-5.

10. Heal J, Bould M, Livingstone J, Blewitt N, Blom
AW. Reproducibility of the Garfland classification
for supracondylar humeral fractures in children. J
Orthop Surg. 2007;15(1):12-4.

11. Lim KB, Lim CT, Tawng DK. Supracondylar humer-

al fractures in children: beware the medial spike.
Bone Jt J. 2013;95(9):1290-4.

12. Bae DS, Kadiyala RK, Waters PM. Acute com-
partment syndrome in children: contemporary
diagnosis, freatment, and outcome. J Pediair
Orthop. 2001;21(5):680-8.

13. Gulli B, Templeman D. Compartment syndrome
of the lower extremity. Orthop Clin North Am.
1994;25(4):677-84.

14. Rang M, Pring ME, Wenger DR. Rang's children's
fractures. Lippincott Williams & Wilkins; 2005.

15. Khare GN, Gautam VK, Kochhar VL, Anand C.
Prevention of cubitus varus deformity in supracon-
dylar  fractures of the  humerus. Injury.
1991;22(3):202-6.

16. Mangat KS, Martin AG, Bache CE. The ‘pulseless
pink’hand after supracondylar fracture of the
humerus in children: the predictive value of nerve
palsy. J Bone Jt Surg. Brifish  volume.
2009;91(11):1521-5.

17. Cuomo AV, Howard A, Hsueh §, Boutis K. Gart-
land type | supracondylar humerus fractures in
children: is splint immobilization enough?. Pediatr
Emerg Care. 2012; 1;28(11):1150-3.

18. Fitzgibbons PG, Bruce B, Got C, Reinert S, Solga
P, Katarincic J, Eberson C. Predictors of failure of
nonoperative tfreatment for type-2 supracondylar
humerus fractures. J Pediaftr Orthop.
2011;31(4):372-6.

19. Thomson LE, Pagkalos J, Prem H. Splinfage
following supracondylar fracture in paediatrics. Ann
R Coll Surg Engl. 2015;97(4):317-8.

20. Skaggs DL, Sankar WN, Albrektson J, Vaishnav S,
Choi PD, Kay RM. How safe is the operative freat-
ment of Garfland fype 2 supracondylar humerus
fractures in  children2. J Pediafr Orthop.
2008;28(2):139-41.

21. Battaglia TC, Armstrong DG, Schwend RM.
Factors affecting forearm compartment pressures in
children with supracondylar fractures of the humer-
us. J Pediatr Orthop. 2002;22(4):431-9.

22. Mapes RC, Hennrikus WL. The effect of elbow
position on the radial pulse measured by Doppler
ultrasonography after surgical treatment of supra-
condylar elbow fractures in children. J Pediafr
Orthop. 1998;18(4):441-4.

23. Pirone AM, Graham HK, Krajbich JI. Manage-
ment of displacedextension-type supracondylar
fractures of the humerus in children. J Bone Joint
Surg Am. 1988;70(5):641-50.

24. Brauver CA, Lee BM, Bae DS, Waters PM, Kocher
MS. A systematic review of medial and lateral entry
pinning versus lateral entry pinning for supracondy-
lar fractures of the humerus. J Pediatr Orthop.
2007;27(2):181-6.

25. Kocher MS, Kasser JR, Waters PM, Bae D, Snyder
BD, Hresko MT, Hedequist D, Karlin L, Kim YJ, Murray
MM, Millis MB. Lateral entry compared with medial
and lateral entry pin fixafion for completely
displaced supracondylar humeral fractures in
children: a randomized clinical trial.  JBJS.
2007;89(4):706-12.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (03)



26. Zionts LE, McKellop HA, Hathaway R. Torsional
sfrength of pin configurations used to fix supracon-
dylar fractures of the humerus in children. JBJS.
1994;76(2):253-6.

27. Onwuanyi ON, Nwobi DG. Evaluation of the
stability of pin configuration in K-wire fixation of
displaced supracondylar fractures in children. Int
Surg. 1998;83(3):271-4.

28. Zhao JG, Wang J, Zhang P. Is lateral pin fixation
for displaced supracondylar fractures of the humer-
us better than crossed pins in children2. COR-
R®.2013;471(9):2942-53.

29. Karim MA, Hosny A, NasefAbdelafif NM, Hegazy
MM, Awadallah WR, et al. Crossed Wires versus Two
Lateral Wires in Management of Supracondylar
Fracture of the Humerus in Children in the Hands of
Junior Trainees. J Orthop Trauma. 2015.

30. Zaltz I, Waters PM, Kasser JR. Ulnar nerve instabili-
ty in children. J Pediatr Orthop. 1996;16(5):567-9.

31. Jaeblon T, Anthony S, Ogden A, Andary JJ.
Pediatfric supracondylar fractures: variation in

A REVIEW OF TREATMENT STRATEGIES OF SUPRACONDYLAR FRACTURE OF HUMERUS IN CHILDREN

fracture patterns and the biomechanical effects of
pin configuration. J Pediatr Orthopa.
2016;36(8):787-92.

32. Abbott MD, Buchler L, Loder RT, Caltoum CB.
Gartland type Il supracondylar humerus fractures:
outcome and complications as related to opera-
five timing and pin configuratfion. J Child Orthop.
2014;8(6):473-7.

33. Badkoobehi H, Choi PD, Bae DS, Skaggs DL.
Management of the pulseless pediatric supracon-
dylar humeral fracture. JBJS. 2015;97(11):937-43.

34. Scannell BP, Jackson Il JB, Bray C, Roush TS,
Brighton BK, Frick SL. The perfused, pulseless supra-
condylar humeral fracture: intermediate-term
follow-up of vascular status and function. JBJS.
2013;95(21):1913-9.

35. Weller A, Garg S, Larson AN, Fletcher ND, Schiller
JR, Kwon M, Copley LA, Browne R, Ho CA. Manage-
ment of the pediatric pulseless supracondylar
humeral fracture: is vascular exploration neces-
sary?2. JBJS. 2013 Nov 6;95(21):1906-12.

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2019, VOL. 8 (03) 63





