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ABSTRACT

Background: Many methods have been proposed to treat displaced supracondylar fractures of the humerus in children, most are either closed
reduction and pinning in different configurations or Open reduction and pinning with.different approaches. There remains controversy in the
literature with regards to some topics, these topics could be grouped into: method of reduction (open vs. closed), pin configurations, iatrogenic
nerve injury and impact of time to surgery in complications. Methodology: A total of 70 patients with Type III supracondylar humerus fracture who
fulfilled the inclusion criteria were randomly divided into two groups, 35 in each. Group I children were treated with closed reduction and crossed
pinning and Group II with open reduction and crossed pinning. Both the groups were followed up for a period of 12 months at regular intervals.
Assessment of cosmetic factor & functional factor was done by using Flynn's Criteria.. Results: All the fractures were found to be united clinically
and radiologically by 6 wks. As per Flynn's Criteria 91% cases in closed group showed excellent results whereas 80% cases in open group showed
excellent results after 1 year of follow up. 3 cases in closed group had iatrogenic ulnar nerve injury. No cubitus varus deformity encountered in any
group. Conclusion: Both open and closed reduction with crossed pin configuration provide stable fixation. Restriction of range of motion was
more in the open group at 6 months follow up however at 12th month follow up the outcomes were similar. Closed reduction and crossed pinning
allows early range of motion but it is technically difficult and satisfactory reduction is difficult to obtain in cases with severe soft tissue swelling.
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INTRODUCTION

Supracondylar humerus fractures are the most common elbow
fractures seen in children and the most common fracture requiring
surgery.1 The peak age range at which most supracondylar fractures
occur is 5 to 6 years.2 Many methods have been proposed to treat
displaced supracondylar fractures of the humerus in children, most are
either closed reduction with percutaneous Kirschner wires in different
configurations or Open reduction and internal fixation with Kirshner
wires from different approaches.*

There remains controversy in the literature with regards to some topics
in the definitive management of these types of fractures. These topics
could be grouped into: method of reduction (open vs. closed),
constructs for stabilization of the fractures and impact of time to
surgery in complications.’

Closed reduction and percutaneous pinning is the most common
operative treatment of supracondylar fractures. However there are
controversies between percutaneous crossed pinning versus lateral
entry pinning. The two main issues are risk of iatrogenic ulnar nerve
injury in crossed pinning and risk of loss of reduction in lateral pinning.
Openreduction is indicated in cases of failed closed reduction, a loss of
pulse or poorly perfused hand following reduction and open fractures.
This method allows reduction of the fracture under direct
visualization without the help of C-arm and risk of neurovascular
complications are essentially low but the most frequent complication
appears to be a loss of range of motion.’

Anumber of studies have been conducted earlier in the past comparing
the results of closed reduction and percutaneous pinning versus open
reduction and pinning. However in most of the studies, in the closed
reduction group fixation was done by lateral entry pinning to avoid
injury to ulnar nerve but it is mechanically less stable construct than
crossed pinning™*”

A very few number of studies have been conducted comparing the
outcomes of closed reduction and crossed pinning versus open
reduction and crossed pinning with varying results. This variation may
be owing to individual surgeon skill or owing to differences in surgical
techniques. However in most of these studies the sample size was small
and most importantly proper randomization of the cases for each group
was not done e.g. cases of failed reduction with closed techniques,
open fractures and cases previously manipulated by quacks were
deliberately included in the open reduction group.

So the study was done to compare the results of closed reduction and

crossed pinning versus open reduction and crossed pinning in a total
sample size of 70 patients, randomly divided into two groups of 35
each in our tertiary setting.

MATERIALSAND METHODS

A prospective, randomized interventional, comparative study was
done in 70 cases of Gartland type III supracondylar facture in RIMS,
Imphal a tertiary institute from August 2016 to January 2018. Patients
fulfilling the eligibility criteria are included in the study. Restricted
randomization is done using block size of 4. Each eligible patient in a
block fulfilling recruitment criteria is assigned to either Group 1 or
Group 2 using lottery method.

In Group I thirty five patients are treated with closed reduction and
crossed pinning and in group II another thirty five patients are treated
with open reduction and crossed pinning.

Inclusion criteria:

e Children aged between 2-15 years

* Gartland's type III closed displaced supracondylar fracture
humerus

¢ Ageofthe fracture not more than 14 days at presentation

Exclusion Criteria:

*  Open fractures

Associated neurovascular impairment following fracture
Concomitant ipsilateral fracture of distal humerus or elbow joint
Patient with flexion type fracture

Loss of follow-ups

e o o o

Ethical approval : was taken from Research Ethics Board, RIMS
before starting the study. Informed written consent was taken from
parents before enlisting the patients in the study.

Surgical technique: Surgical techniques were standardized in terms of
pin location, pin size (weight <20 kg size 1.5 mm; >20 kg size 2 mm).
Both the operative techniques were performed under general
anaesthesia with intra operative monitoring by C-arm. Patient was
positioned supine keeping the limb on aradiolucent side table.

Closed reduction and crossed pinning: Closed reduction was done and
reduction was maintained with adhesive tape. First longitudinal
traction was applied without keeping the elbow in hyperextension and
the forearm supinated. While traction was maintained the medial or
lateral displacement was first corrected by applying a varus or valgus
force at the fracture site. Posterior displacement of the distal fragment
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then corrected by applying a force to the posterior aspect while the
forearm was pronated and elbow was acutely flexed. Reduction was
checked under C-arm and once it was found satisfactory fixation was
done with two cross 1.5 or 2 mm K-wire. First K-wire was passed from
the lateral side to engage the medial cortex which stabilized the
fracture partly then the elbow was slightly extended to 90 degrees so
that ulnar nerve remained in it's groove. Then the second K-wire was
passed through the medial epicondyle to engage the lateral cortex.

Open reduction and crossed pinning: A longitudinal incision of 5 to 7
cm was given 0.5 to 1 cm anterior to the medial epicondyle. Two third
of the incision was proximal to the medial epicondyle and one third of
it was distal to medial epicondyle. Ulnar nerve was identified and
retracted along with the surrounding soft tissues without isolating it.
Fracture site was exposed and thoroughly cleaned. Then the distal
fragment was exposed and around 5-10 mm of common flexor muscle
attachment was elevated from the distal fragment with sharp dissection
to visualize the fracture line clearly. Once reduction was achieved it
was fixed with two cross 1.5 or 2 mm K-wire and stability was checked.
Medial k wire was passed first and it should come out at anterolateral
surface of proximal fragment. Wires were cut and bent and left outside
the skin. Elevated common flexor origin was sutured by taking the
suture around the K-wire instead of drilling into bone. Wound was
closed with subcuticular absorbable suture and POP slab was applied.

Post operative management: Patients received parenteral third
generation cephalosporin for two days. Anti-inflammatory analgesics
and other supportive measures was also be given as per individual
requirements. The operated limb was kept elevated. During this time
passive and active movements of the fingers were encouraged. Patient
was discharged after taking check X-ray on post surgical day 3 or day
4. POP slab was partly broken at the time of discharge on 3rd
postoperative day to allow some ROM of elbow. Sutures and slab were
removed on day 10 in OPD. Active elbow ROM exercise was started
after the removal of pop slab. K-wire removal was done on the 3rd
post-operative week during the follow-up in OPD.

Follow ups: The follow-ups were done on 3rd and 6th postoperative
weeks and at 3 months, 6 months and finally at 12 months. The
radiological evaluation was performed by AP and true lateral views
next day after the surgery and at 3 weeks, 6 weeks, 6 months and finally
at 12 months. At 6 and 12 months follow-up, the children were
evaluated for limitation of range of motion, any neurological deficit,
loss in carrying angle.

The final results were graded as excellent, good, fair and poor,
according to the loss of range of motion and loss of carrying angle
using the criteria of Flynn et al. The overall rating in these patients who
had changes both in the carrying angle and in function was made on the
basis of the greater clinical loss, that is a good functional rating and a
fair cosmetic rating resulted in a fair rating."

Table 1: Showing Flynn's criteria and overall rating

Outcome Result rating [Functional factor] Cosmetic factor
(Loss of motion)| (Carrying angle
loss)
Satisfactory Excellent 0-5° 0-5°
Good 5-10° 5-10°
Fair 10-15° 10-15°
Unsatisfactory Poor >15° >15°

Statistical analysis was done using SPSS software (version 21.0). The
data were compared between the two groups under study by using
independent sample t-test. The difference was considered significant
whenthe p value was<0.005

@{ﬁjs‘

Fig 1: Instruments used for supracondylar fracture fixation

Fig 2: Showing preoperative radiograph of a 10 year old boy with
type III supracondylar fracture of left humerus in AP and lateral
views planned for closed reduction and crossed pinning.

Fig 3: Showing positioning of the limb following fracture
reduction under C-arm

Fig 5 : Showing second k-wire being introduced from the medial
side

i

Fig 6 : Showing post operative x-rays of closed reduction and
crossed pinning in both AP and Lat views
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Fig 11: Showing medial skin incision to the distal humerus of right
elbow

i
Fig 7 : Showing complete anatomical union of fracture at 12

months follow-up following closed reduction and crossed pinning Fig 12: Showing exposure of the ulnar nerve and the fractue site
in both AP and Lateral views of X-ray

Fig 13: Showing placement of the medial pin following fracture
reduction

Fig 8 : Showing full elbow flexion at 6 months follow up following
closed reduction and crossed pinning

Fig 15: Showing post operative X-ray of open reduction and
crossed pinning in Lat and AP views

Fig 10: Showing preoperative X-ray of a 9 year old boy with type
III supracondylar fracture of right humerus in AP and Lat views
planned for open reduction and crossed pinning

Fig 16 : Showing complete anatomical union of fracture at 12
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months follow-up following open reduction and crossed pinning in
both AP and Lat views of x-ray

Fig 17 : Showing full elbow flexion at 12 months follow up
following open reduction and crossed pinning

Fig 18 : Showing full elbow extension at 12 months follow up

Fig 19: Showing clawing of 4th and 5th finger due to iatrogenic
ulnar nerve injury in a patient following closed reduction and
crossed pinning

RESULTS

The average age in group I is 7.86+2.51 and the average age in group 11
is 7.49+2.25 and the difference between them is statistically not
significant (p-value 0.5171).

In our study fall while playing was the most common mode of injury
accounting for 47 (67.14%) cases . There was male predominance
(64%) with left hand being involved most commonly. The average
time interval between trauma and surgery in group I was 3.54+1.01
days and in case of group II was 3.74+1.40 days and the difference
between them was statistically not significant (p- value 0.495). The
average duration of surgery in group I was 49.29+7.59 minutes and in
group II was 43+41minutes. The difference between them was
statistically significant (p-value 0.0001). The average duration of
hospital stay in case of group I was 3.23+0.60 days and in case of group
1I was 4.49+0.74 days. The difference between them was statistically
significant (p-value 0.0001). All the fractures in both the groups were
found to be united when X-rays were taken at 6 weeks.

In our study at 6 months follow up average elbow motion loss in group
I was 5.77+2.37° and in group II was 8.43+3.08°. The difference
between them was statistically significant However at 12 months
follow up average elbow motion loss in group I was 3.49+2.06° and in
group II was 4.43+2.82° and the difference between them was
statistically not significant (p-value 0.1241).

The average change in carrying angle at final follow up in group I was
4.89+2° and in group II was 3.77.£1.80°. The difference between them

was statistically significant (p-value 0.0168).

The average change in Baumann's angle in group I was 5.03+2.24° and
in group II was 3.89.£1.68°. The difference between them was
statistically significant (p-value 0.0184).

Overall assessment by Flynn's criteria: Overall assessment by Flynn's
criteria showed satisfactory results in all patients of both the groups.
No patient had unsatisfactory results in terms loss of motion or
carrying angle loss of more than 15 degrees. 32 patients in the group I
had excellent results whereas 28 patients in the group II had excellent
results. Statistical analysis failed to show any clear benefit of an
operative techniques over another

Table 2: Showing overall assessment by Flynn's criteria

Outcome IRating Group I (n=35) Group II (n=35)
INo of |Percentages [No of [Percentag
cases cases  [es

Satisfactory  [Excellent [32 91.42 28 80

Good 3 8.57 5 14.29
[Fair 0 0 2 5.71
[Unsatisfactory [Poor 0 0 0 0

Complications: There were 3 cases of iatrogenic ulnar nerve injury in
group I which recovered over a period of 6 months. 1 case of superficial
pin tract infection in group I and 2 cases of superficial pin tract
infection in group II which was cured with regular dressings and
antibiotic therapy. No patients had myossitis ossificans.

DISCUSSION

Displaced supracondylar fracture humerus has always been one of the
most common and challenging fractures among the paediatric age
groups. The surgeon's goal is to achieve anatomical reduction, stable
fixation and return to normal range of motion as early as possible.
Untable fixation inspite of good anatomical reduction at the time of
operation leads to loss of reduction in future.11,12,13

Open reduction and crossed pinning has been employed for a long time
in the treatment for displaced supracondylar fracture humerus.
Technically it requires less clinical expertise, provides anatomical
reduction of the fracture under vision and good mechanical stability
but the disadvantages as documented in many studies are delay in
return to normal range of motion , loss of some degrees of normal
flexion extension arch even on longer follow up and scar related
complications.13,14,15,16,17 Now a days open reduction is indicated
in cases of failed closed reduction, a loss of pulse or poorly perfused
hand following reduction and in open fractures.

Closed reduction and percutaneous pinning is the most common
operative treatment for displaced type III supracondylar fractures.
However there are controversies between percutancous crossed
pinning versus lateral entry pinning. The two main issues are risk of
iatrogenic ulnar nerve injury in crossed pinning and risk of loss of
reduction in lateral pinning.6 Though lateral entry pinning avoids the
risk of iatrogenic ulnar nerve injury, the construct may be less stable
biomechanically.18,19,20

In our study 3 (8.57%) patients in closed reduction group suffered from
iatrogenic ulnar nerve injury because of the medially placed pin.
Slobogean etal21 in their study reported on 32 trials with 2639 patients
and found that there is an iatrogenic ulnar nerve injury for every 28
patients treated with crossed pinning. Babel et al22 in their systematic
review of 35 articles found that the incidence of iatrogenic ulnar nerve
injury in cases of crossed pinning is 3.4%. The relative high incidence
of ulnar nerve injury in our study may be due to small sample size and
previous attempted manipulations by local quack.

The mean age of the patients in the present study was found to be 7.6
years which was comparable to other studies by Yaokreh JB etal23 and
Teja BR et al24. Male gender predominance was also observed in the
present study which was also seen by Pavone et al25 and Boparai et
al26.

In our study series of 70 patients majority of our patients 47 (67.14%)
sustained fractures due to fall while playing, remaining due to fall from
bicycle, fall from tree and fall from stairs. Gowda PM et al27 and
Fransworth et al28 in their study also found most common mode of
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injury is fall in the ground while playing which is similar to our study. 15. [1Weiland AJ, Meyer S, Tolo VT, Berg l_-[L, Mueller J. Sur_gical treatment of displaced
supracondylar fractures of the humerus in children. Analysis of fifty-two cases followed
for five to fifteen years. J Bone Joint Surg Am 1978 Jul;60(5):657-61Barlas K, George B,

There was a statistically significant difference noted in the present Hashmi F, Bagga T. Open medial placement of kirschner wires for supracondylar
study in terms of operative time with longer time required in patients humeral fractures in children. J Orthop Surg (Hong Kong) 2006 Apr;14(1):53-7.

ith cl d reducti d d pinni b fract 16. [JKumar R, Malhotra R. Medial approach for operative treatment of the widely displaced
with closed reduction and crossed pinning group because Iracture supracondylar fractures of the humerus in children. J Orthop Surg (Hong Kong) 2000

reduction and pin placement was done under C-arm guidance. Dec;8(2):13-8.
17. [Lee SS, Mahar AT, Miesen D, Newton PO. Displaced pediatric supracondylar humerus
fractures: biomechanical analysis of percutaneous pinning techniques. J Pediatr Orthop.

The mean duration of ho_spitfil stay in group I was 3.23days and in 2002:22(4):440 443,
group II was 4.49 days which is similar to study conducted by Yaokreh 18. ['Topping RE, Blanco JS, Davis TJ. Clinical evaluation of crossed-pin versus lateral-pin
JBetall53.03 days in closed reduction and percutaneous group and ?X]a?;)(rit )l];l‘ ;isisglaced supracondylar fractures of the humerus. J Pediatr Orthop 1995
: . ul; :435-9.
4.08 days nopen reduction group 19. [ISkaggs DL, Cluck MW, Mostofi A, Flynn JM, Kay RM. Lateral entry pin fixation in the
management of supracondylar fractures in children. J Bone Joint Surg Am 2001
In the present study at 6 months follow up average elbow motion loss in i g’_ls_ﬁsi_(i/)[ﬁ;}f-“& 1L Sherlock DA Lateral dwire fixation for disolaced
. . . o . . 101NSK1 " arma i, Cri0C! . Lateral versus crossed wire nxation 1or displace
closed reduptlon and crossed pinning group Was 5.77+2.37° and in extension supracondylar humeral fractures in children. Injury2006;37(10):961-5p
open reduction group was 8.43+3.08° and the difference between them 21. [ISlobogean BL, Jackman H, Tennant S, Slobogean GP, Mulpuri K. latrogenic ulnar nerve
was statistically signiﬁcant. However at 12 months follow up the injury after the surgical treatment ofdisplaced supracondylar fractures of the humerus:
difference between them was statistically found to be not significant. In Number needed to harm, a systematic review. ] Pacdiatr Orthop 2010 Jul:30(5):430-6. |
8 X % N . 22. [Babal JC, Mehlman CT, Klein G. Nerve injuries associated with paediatric
the literature in most of the studies closed reduction group had a better supracondylar humeral fractures: a meta-analysis. J Paediatr Orthop 2010
range of motion as compared to the open reduction group at final Apr;30(3):253-63. ) ) )
follow up which mav be due to lack of randomization: cases with failed 23. "'Yaokreh JB, Gicquel P, Schnel_der_ L, Stanchina C, Karggr C_, Sahbg E,_et al. Compared
p . y ; > outcomes after percutaneous pinning versus open reduction in paediatric supracondylar
closed reduction were deliberately put on open reduction group, follow elbow fractures. Orthop Traumatol Surg Res 2012 Oct; 98(6):645-51
up of only 6 months and lack of proper rehabilitation.” " 24. [ Teja BR, Chaitanya M, Sreenivasulu P, Shivprasad Y. Displaced supracondylar humeral
fractures in children: open reduction vs closed reduction and pinning. J Evid Based Med
) ) ) ) Healthc 2015 Sept;2(39):6235-43.
The average change in carrying angle in group I was 4.89+2° and in 25. [1Pavone V, Riccioli M, Testa G, Lucenti L, Cristo CD, Condorelli G, et al. Surgical
group 11 was3.77.+21.80°. The difference between them was treatment of displaced supracondylar pediatric humerus fractures: Comparison of two
Py L . . . inning techniques. J Funct Morphol Kinesiol 2016 Jan;1(1):39-47.
statlstlgally Slgmﬁcant' No Patlent 11:1 our StUdy had cubitus varus 26. ,%oparfi RPS, gharma R, KapilapR, Pandher DS, Diwan RP. Supracondylar fractures in
deformity in the form of negative carrying angle. children-closed reduction vs open reduction. Indian J Orthop 2006 Apr;40(2):103-7.
27. [:Gowda PM, Mohammed N. A study of supracondylar fractures of humerus in children
Overall assessment by Flynn's criteria showed satisfact Its i by open reduction and internal fixation with kirschner wires. Indian J Clin Pract 2014
! y Fly : wed satisfactory results in Novi25(6):572-6.
all patients of both the groups. No patient had unsatisfactory results in 28. [ Famsworth CL, Silva PD, Mubarak SJ. Etiology of supracondylar humerus fractures. J
terms loss of motion or carrying angle loss of more than 15 degrees. 32 Pediatr Orthop 1998 Jan; 18(1):38-42. )
tients in the group I had excellent results whereas 28 patients in the 29. 11Oh CW, Park BC, Kim PT, Park IH, Kyung HS, Ihn JC. Completely displaced
pa group Y A N p supracondylar humerus fractures in children: results of open reduction versus closed
group II had excellent results. Statistical analysis failed to show any reduction. J Orthop Sci2003;8(2):137-41.
significant difference between them. Similar results were shown by 30. 7M’:‘Zd3_ K,tBOEgiO“e C’dFlilOl:‘SSil‘E’ Pe'}‘:i‘?"}: GF. SY_SIe‘;’i‘gC PiX“i“g of t‘?iSPliﬁgd
. extension-type supracondylar fractures of the humerus in children. A prospective sf
Yaokreh JB etal23,Turhan E32, Cramer K33and Keskin D34. of 116 conszgutivf patiemz. JBone Joint Surg Br2001 Aug;83(6):888—%3. ’ g
31. [1Aslan A, Konya MN, Ozdemir A, Yorgancigil H, Maralcan G, Uysal E. Open reduction
CONCLUSION and pinning for the treatment of Gartland extension type III supracondylar humeral
. . fractures in children. Strategies Trauma Limb Reconstr 2014 Aug;9(2):79-88.
h? VI?W of these results, we conclude that closed reductlop and Crosse_d 32. [Turhan E, Aksoy C, Ege A,EBayarA, Keser S, Alpaslan M. Sagitgtal plane analysis of the
pinning allows early return to normal range of motion, gives cosmetic open and closed methods in children with displaced supracondylar fractures of the
outcomes more or less similar to the open group in most of the cases but humerus (a radiological study). Arch Orthop Trauma Surg 2008 Jul;128(7):739-44.
thi d . it ical skill and C-arm euidance. We 33. [ICramer KE, Devito DP, Green NE. Comparison of closed reduction and percutaneous
18 proce: ur.e I:eq.mres expe S!‘lrglca S 111 an . gu o pinning versus open reduction and percutaneous pinning in displaced supracondylar
suggest to minimise the high risks of iatrogenic ulnar nerve injury, fractures of the humerus in children. J Orthop Trauma 1992;6(4):407-12.
closed reduction and crossed pinning should be avoided in cases with 34. UKeskin D, Sen H. The comparative evaluation of treatment outcomes in pediatric
. inulati b Kk d in fract ith ft displaced supracondylar humerus fractures managed with either open or closed
p_reVlous me.lmpu ations by quacks, a.n m‘ ractures wi _severe ?0 reduction and percutaneous pinning. Acta Chir Orthop Traumatol Czech 2014
tissue swelling. Whereas open reduction with crossed k-wire fixation Dec;81(6):380-6.

is a safe and convenient method as it gives better anatomical reduction
and stable fixation restoring the humerus supracondylar region
anatomy. It takes less time, less surgical expertise and doesn't require
C-arm. The only disadvantage being delay in return to normal range of
motion and scar mark.
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