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Introduction: Supracondylar fracture of humerus (SFH) is frequently encountered in the immature
skeleton, [1] predominantly in the non-dominant extremity.
Aim: This study compared the clinic-radiological outcome between cross pinning with lateral pinning for
fixation of displaced supracondylar fracture of humerus in children.
Materials and methods: All eligible patients were randomized into two groups, group I for lateral pinning
and group II for cross pinning. Before passing medial pin in group II a stab incision was given to visualise
the medial epicondyle. Patients were followed up on 3 weeks, 6 weeks and 3 months. Final outcome was
measured in terms of clinic-radiological union, Baumann angle, loss of reduction, stability of fracture
fixation, incidence of iatrogenic nerve injury and Flynn's score. Results: There were 37 patients in group I
and 40 in group II. Both groups were comparable in terms of demographic details. At the final outcome
there were no difference in between the groups in terms of all radiological and clinical outcome. Two
patients of group I developed delay ulnar neuritis, which resolve completely in subsequent follow-up.
Conclusion: Both techniques provide stable fixation, union and good functional outcome without iat-
rogenic ulnar nerve injury provided that small incision sufficient enough to identify the medial epi-
condyle is given with passing of medial pin.

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Supracondylar fracture of humerus (SFH) is frequently encoun-
tered in the immature skeleton,1 predominantly in the non-
dominant extremity.2 The fracture in elbow extension with poste-
rior displacement is seen in 97% of cases.2 It is commonly classified
in three types as given by Gartland on the basis of displacement in
coronal plane radiographs. Type I: undisplaced or minimally dis-
placed fracture with intact anterior humeral line. Type II: small
deviation, fragments in contact with intact posterior cortex, type
III: complete displacement of the fracture fragments, breach in
posterior cortex.3 Later on, Leitch et al., added Type IV, describing
multidirectional instability.4
Afaque).
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Most commonly used technique for surgical treatment in dis-
placed SFH (types II, III, IV) in children is closed reduction and
stabilization with percutaneous pins.5 The most common used
configuration of pinning are medial and lateral crossed pinning,
and lateral pinning. However, there is still controversy regarding
the choice of pinning configuration6 and based primarily on the
surgeons’ preference. There are two key factors when comparing
these two configurations which are the mechanical stability and
the risk of iatrogenic ulnar nerve injury. Cross pinning is more
biomechanically stable in fixation but it has higher risk of ulnar
nerve injury during insertion of medial pin.6 Although, pinning
from lateral side has negligible risk of ulnar nerve injury, is
considered biomechanically less stable7 and having theoretical
chances of loss of reduction.

The purpose of this study is to compare the outcome and safety
of two pinning techniques i.e. crossed pinning and lateral pinning
in terms of radiological and functional outcome and complications

mailto:syedfaisalafaque@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcot.2019.01.013&domain=pdf
www.sciencedirect.com/science/journal/09765662
www.elsevier.com/locate/jcot
https://doi.org/10.1016/j.jcot.2019.01.013
https://doi.org/10.1016/j.jcot.2019.01.013
https://doi.org/10.1016/j.jcot.2019.01.013


Fig. 1. (a) Preoperative radiograph, 1(b) immediate post-operative radiograph showing
lateral pinning configuration 1(c) radiograph after removal of K-wires at 3rd weeks,
1(d) complete remodeling at 12th month 1(e) functional outcome at 12th month.
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if any, for fixation of displaced (Gartland type II, III and IV) SFH in
children.

2. Materials and method

After approval by our Institutional Review Board, patients who
qualify inclusion criteria were enrolled in this study.

Trial design: This was a prospective randomized study con-
ducted in between March 2014 to May 2015. All the patients who
presented to ER/OPD with SFH were assessed.

Participants: inclusion criteria was: a) age below twelve years,
b) Gartland type II, III and IV Supracondylar fracture, c) presented to
OPD/Emergency within 7 days of injury d) closed and Gustilo Grade
I fractures, e) Who consented for the study. Patients with open
fracture (Gustilo Grade II and III), neurovascular deficit and pre-
senting after 7 days were excluded from the study. Patients were
admitted from ER and OPD and the study was performed in
Department of Orthopaedics, B.P. Koirala Institute of Health Sci-
ences, Dharan. Total 84 patients underwent CRPP. Seven cases (five
from lateral pinning and two of crossed pinning group) did not
follow up after surgery as they were from remote districts of Nepal.
Hence, 37 patients were recruited in lateral pinning and 40 in
crossed pinning for the final analysis.

Intervention and groups: After enrolment for the study, pa-
tients were randomized into two groups; group A, treated with
close reduction and fixation with lateral pinning Fig. 1(b); and
group B, treated with close reduction and fixation with crossed
pinning (one from lateral and another from medial side) Fig. 2(a).
Demographic details including age, sex, hand dominance, mecha-
nism of injury, direction of fracture displacement, time from injury
to surgery, and neurovascular status was recorded for all patients
and compared between the two cohorts as shown in Table 1 Clinical
examination for pain, deformity, instability distal neurovascular
status of all included patients were done before surgery. Ante-
roposterior and lateral radiograph of elbow was taken in all pa-
tients to assess displacement and define type of fracture. Fig. 1(a)

Surgical procedure: In all patients of both group, close reduc-
tion was tried first and if failed open reduction was done. The pa-
tients who required open reduction were excluded from the study.
After closed reduction acceptable in image intensifier, reduction
was maintained by pinning in configuration depending upon group
allocation. Patients randomized in group A, received two pins
placed from the lateral side percutaneously, with bicortical pur-
chase Fig. 1(b). It was tried to place both wire either parallel or
divergent. After fixation, stability was checked, if found inadequate
additional third pin was inserted. In these cases data was analysed
based on the intention-to-treat principle, according to which sub-
ject in trial should be analysed in the groups to which they were
allocated regardless whether they received or adhered to the
allocated intervention.8 Patients allocated to the cross pinning
technique group (group B) received one medially placed and
laterally placed bicortical pin. The first pin was placed from the
lateral side. After placement of lateral pin, medial pin was inserted
percutaneously without visualization of ulnar nerve Fig. 2(a). In
order to prevent ulnar nerve injury, elbow was kept at less than
45e60� of extension and wire was placed over the epicondyle,
anterior to ulnar groove. If epicondyle was not palpable due to
swelling a stab incisionwas given and was identified. Similar to the
lateral-entry pin group technique, when a third pinwas added from
lateral side, data was analysed based on the intention-to-treat
technique. All pins were cut and bent. Above elbow plaster of
Paris slab was applied at the end of reduction and fixation.

Postoperative care and Rehabilitation: Duration of surgery,
size and number of K-wires were noted. Assessment of iatrogenic
neurovascular deficit was done in immediate postoperative period.
Radiological assessment of reduction including measurement of
Baumann's angle was made on radiograph (lateral view) before
discharging the patient. Patients were discharged on 2nd post-
operative day after checking wound dressing/pin site care with
advice to keep the limb splinted, active/passive movements of
joints and fingers, reporting immediately to emergency ward if



Fig. 2. (a) Preoperative radiograph, 2(b) immediate post-operative radiograph
showing cross wire configuration, 2(c) radiograph after K-wire removal, 2(d) remod-
eling after 12 months, 2(e) final follow-up.
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excessive pain/swelling, tingling sensation, numbness or bluish
discoloration of fingers occur. Repeat radiograph was done after 3
weeks following which slab and pins were removed (depending
upon the evidence of union clinico-radiologically) Figs. 1(c) and
2(b)

The patients were evaluated as outpatients at three weeks, six
weeks and twelveweeks after the surgery. Follow-up assessment of
each patient was done by the same doctor throughout the trial.
Necessary clinical and radiological datawere noted as per proforma
at every visit.

Outcomes: At 3 weeks, slab was removed on OPD basis and K
wires were removed only on evidence of union seen radiologically,
elbow mobilization was done by physiotherapist. Clinically: Frac-
ture site tenderness, inflammatory features were sought. Radio-
logically: Evidence of callus formation, Baumann's angle was
measured. At 6 weeks, Elbow ROM was assessed clinically and
radiologically, Baumann's angle was measured. At 12 weeks follow-
up, following information was recorded as outcome measures: (i)
Loss of carrying angle and loss of total range of elbowmotion based
on Flynn's criteria9 (ii) Grading of loss of reduction, based on dif-
ference in the Baumann angle (degrees) between immediate post-
operative radiographs and radiographs after the surgery and ra-
diographs at 12 weeks follow-up visit according to method
described by Skaggs et al.10: (1) no displacement (loss smaller than
6�), (2) moderate displacement (6e12�), and (3) large displacement
(more than 12�) (iii) Final Baumann angle (degree), calculated on
the radiograph of antero posterior view of elbow (iv) Incidence of
nerve injury and recovery pattern (if applicable) (v) Time to union
(Radiological).

Sample size: During the study period, a total of 850 patients
associated with elbow injury presented to our institution out of
which 127 were children with supracondylar fractures of humerus.
We excluded 43 patients who did not meet the eligibility criteria.
Therefore total 84 patients underwent closed reduction and
percutaneous pinning. Seven cases (five from lateral pinning and
two of crossed pinning group) did not follow up after surgery as
they were from remote districts of Nepal. Hence we analysed re-
sults of 37 cases in lateral pinning and 40 cases in crossed pinning
for the final analysis.

Randomization: was done using excel random generation
technique

3. Statistical analysis

Independent sample student's t-test was done to assess the
parameters like age, follow-up and duration of surgery. The results
and quantitative datas were expressed as mean with standard de-
viation. For all statistical purposes, p value was kept <0.05.
Collected data was entered in Microsoft Excel 2015 and SPSS (sta-
tistical package for social sciences version 20) for statistical
analysis.

4. Results

There were 98 patients reported to our OPD/Emergency of B.P.
Koirala Institute of Health Sciences with SFH out of which 5 had
injury of more than 7 days duration, 3 had Gustilo grade II open
fractures and 6 did not give consent to take part in study. Rest 84
patients qualified the inclusion criteria and were randomized into
two groups by using random number generator in Excel.

Total 84 patients underwent closed reduction and percutaneous
pinning. 4 cases (3 from lateral pinning and 1 of crossed pinning
group) did not follow up after surgery as they were from remote
districts. We need to open reduction in 3 (1 in group A and 2 in
group B). Finally, analysis was done with the results of 37 cases in
group A and 40 cases in the group B.

The mean age of the patient at the time of presentation was
6.8þ_0.9 years (4�12) in Group A and 7.2þ_0.8 years (3�12) in
Group B (P¼ 0.6). Male to female ratio in group A was 5:4 and in
group B was 2:1 (P¼ 0.3). Non-dominant extremity was more in
both groups. All of the patients presented with fall injury. Among
them fall from height was the commonest mode of injury



Table 1
Demographic data showing comparison and p-value between group I and II.

Parameters Group I (n¼ 37) (lateral pin) Group II (n¼ 40) P-value

Age 6.8 þ_ 0.9 7.2þ_ 0.8 0.6
Male to female 5:4 2:1 0.3
Non-dominant extremity 23 27 0.6
Injury to presentation (days) 5.1þ_0.5 4.9þ_0.6 0.5
Mode of injury
Fall from height 20 19 0.9
Fall while playing 17 21 0.6
Displacement
Posteromedial 24 28 0.2
Posterolateral 13 12 0.2
Ulnar nerve injury 0 2 (transient)
Compartment syndrome 0 0
Vascular injury 0 0
Infection 3 2 0.5
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(extension injury) Table 1. According to Gartland classification, type
III was the most common type of fracture in both group. The dis-
tribution of types of fracture and other demographic details is
shown in the table. To achieve adequate stability third wire was
required frommedial side in 4 patients in group A, and from lateral
side in 3 patients in group B.

4.1. Clinical and radiological evaluation

Baumann's angle, change in Baumann angle, loss of reduction,
carrying angle, loss of carrying angle, range of motion in flexion and
extension of elbow and total loss of range of motion were not
significantly different at any point of time. According to Flynn's
grading, 26 patient in group I and 24 patients in group II had
excellent results, 7 patients in group I and 15 in group II had good
result, 4 patients in group I and 1 in group II had fair result
respectively. None of the patients in either group had poor results
on the basis of Flynn's criteria Table 2.

Complications: Two patients in group B developed tingling
sensation and numbness in ulnar nerve distribution with intact
motor function which was seen after two days of surgery. On
subsequent follow up, all three patients recovered.

Three patients in group A and 2 patients in group B had pin track
infection one week following surgery which was managed by
dressing and oral antibiotics and responded well. None of the pa-
tients in either group developed any other complication. (P¼ 0.5).

5. Discussion

Successful treatment of displaced SFH of children depends on
achieving and maintaining an acceptable reduction until the frac-
ture is healed, while avoiding complications. Controversy persists
regarding the optimal pin fixation technique11 Although many
Table 2
Clinical and radiological outcome of both groups and their p-values.

Parameters Group I Group II P-value

Range of motion 131.6þ_3.4 131.0þ_3.2 0.4
Carrying angle 8.9þ_2.2 8.2þ_1.6 0.2
Loss of carrying angle 4.4þ_0.8 4.6þ_0.9 0.3
Baumann's angle 78.0þ_3.2 78.6þ_3.1 0.4
Change in Baumann's angle 2.0þ_0.7 2.1þ_0.8 0.9
Loss of reduction 2.9þ_0.3 2.9þ_0.2 0.9
Flynn's grading
Excellent 26 24 0.9
Good 7 15 0.07
Fair 4 1 0.1
Poor 0 0 1
configuration of pinning is described in the literature, the twomost
commonly used configurations are crossed and lateral entry
pinning.5,12 There is a significant risk of iatrogenic ulnar nerve
injury during medial pinning in crossed configuration with inci-
dence rate of 0e6%.13 Whereas, in lateral pinning technique, there
is a chance of loss of reduction due to biomechanically less stable,
and most common complication of poor or loss of reduction during
treatment is cubitus varus with the incidence of 3e57%.14 In order
to, avoid these complication Dorgan's technique of crossed pinning
from lateral side have been developed. However there is a theo-
retical risk of ulnar nerve injury, but in clinical situation the inci-
dence of nerve injury is significantly less as compared to medial-
lateral cross pinning.15 The problem is there is lack of data from
biomechanical study, this technique has similar stability to that
obtained by traditional cross pinning.7,16

In a recent meta-analysis done by Queiroz GS et al., al. regarding
best method to treat SFH, concluded that percutaneous pinning
with lateral wires for type II fracture and crossed wires in type III
and IV fractures, with a mini-open technique for the medial wire.
They also observed that if mini-open technique is not used, chances
of iatrogenic ulnar nerve injury was significantly higher.17 Tradi-
tionally it was thought that ulnar nerve injury was temporary, but
recent studies have contradicted this fact and is surgical explora-
tion of nerve is required in approximately one third of the patient.18

Due to this factor most of now, mini-open and ulnar nerve explo-
ration has become popular in practice.19 The common drawback, of
mini-open surgery is longer duration of surgery and surgical scar.20

We experienced difficulty in identification of medial epicondyle
which is the most important factor, while passing medial pin,
usually it slips into ulnar groove, injuring the ulnar nerve. In this
study, patient developed ulnar neuritis rather than iatrogenic
injury which was probably due to inflammatory response of foreign
body. So, to prevent that we are in favour of giving incision suffi-
cient to identify medial epicondyle, not exploration of ulnar nerve,
and have observed insignificant percentage of this complication.

There are no significant difference between the two groups in
terms of radiographic outcome and loss of reductions in our and
many earlier, both retrospective10,21,22 as well as prospective23

study. This contradict the fact of more biomechanical stability of
crossed pinning, as observed in-vitro study. This disagreement of
the results of the in-vivo and in-vitro literature are probably
because of following reasons. First, the thick periosteum present in
paediatric patients offers greater stability after fracture reduction,
which is deficient in in-vitromodels. Secondly, an osteotomymodel
lacks the intrinsic stability afforded by fracture interdigitation
in vivo.19

As supported by some studies, it is expected that, radiographic
measurements correlates well with the clinical outcome.23 Like no
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difference in radiographic parameter, we did not observed any
clinical outcome difference in between two groups. This findings is
supported by most of previously done study, including largest re-
ported series to date and are in favour that the lateral-entry pin
technique offers similar maintenance of reduction without risking
iatrogenic injury to the ulnar nerve.21,22 The studies that have
observed loss of reduction of the lateral entry pin technique have
cited poor initial reduction and lateral reduction and technical error
in pin placement as the cause.19 Similarly, in the decision tree
model proposed by Lee KM et al., favoured the lateral pinning
technique over themedial and lateral pinning technique in terms of
the function adjusted life year, containing two comparable factors,
that is, iatrogenic ulnar nerve palsy and loss of fixation represented
by malunion.24 As far as Flynn score is concerned, most of the pa-
tients in both groups had good to excellent outcome similar to
other studies like Vito P et al.125 and Naik LG.20

To overcome bias related to the surgeon's preference to use
crossed pins for unstable fractures, we evaluated maintenance of
fracture reduction in relation to fracture type and pin configuration
which was considered as the strength of this study. The configu-
ration of the pins did not appear to influence the change in the
Baumann angle in either of the groups. Another strength was that
the follow-up assessment of every patient was done by the same
doctor during the entire study period.

5.1. Limitations

In spite of above mentioned strength, there are few limitations
of this study. Firstly, the sample size, which is less because power of
study was not done. Secondly, short term follow-up.

6. Conclusion

There is no significant difference between lateral pinning and
crossed pinning in terms of functional outcome, stability, union and
other surgical complications. Therefore, it is concluded that both
the techniques provide stable fixation, union and good functional
outcome without iatrogenic ulnar nerve injury provided that small
incision sufficient enough to identify the medial epicondyle is given
with passing of medial pin.
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