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Abstract : Crossed pinning and lateral pinning with 2 to 3 pins for fixation of displaced 

supracondylar fracture of the humerus in children are 出巴 main debate about the stability of fixation 

and the risk of ulnar n巴rve injury. The purpose of this study is the comparing of clinical r巴sult

betwe巴n crossed， 2 1ateral and 3 1ateral pinning. We r巴view巴d 31 cases of supracondylar fracture of 

the humerus in children tr巴ated with closed or open reduction and fixation with pins in our hospital. 

7 cases were Gartland type II and 24 cases were type m .  The 9 type m cases were fixed with 2-3 

crossed pins and 22 cases wer巴 treated with 2-3 lateral pins. 4 cases required revision. All w巴r巴

type m ， and successfully r巴vised with lateral pinning. The most of revisions (3 cases) were in  2 

lateral pinning group. No varus deformity occurred at 凶巴 end of treatment and no difference in 

carrying angle， hum巴raトulnar angle and range of motion was observed between the groups. 1n the 

cross pinning group， 2 of 9 (22 % )  had ulnar nerve injury. 1n conclusion， the result of 3 lateral 

pinning cases is comparable to cross pinning without the risk of ulnar nerve i njury. 

lntroduction 

The most accepted-treatment for type III 

displaced-supracondylar fracture of the humerus 

in children according to Gartland's classification is 

closed or op巴n reduction and fixed with pins 

Skeletal stabilization with pinning after reduction 

was also recommended in Gartland type II 

fractur巴 with some characteristics such as 

marked soft tissue swelling， obliteration of pulse 

with flexion or m巴dial bone col!apsel ) . Two lateral 

pins usually provide adequate stability for 

Gartland type 1I fracture2) . However， for type 3 

fracture， two cross pins with lateral and medial 

entry technique is one standard fixation after 

reduction and has shown good stability and 

clinical results制 The main problem of crossed 

pin fixation is iatrogenic ulnar nerve injury due to 

medial entry pin. The iatrogenic ulnar nerve 

injury can be avoided if only lateral pin fixation is 

used. The adequate stability of fixation by only 

lateral pins in Gartland type III is still controver

sial. Biomechanical studies show that two crossed 

pin configuration has greater torsion strength 

than two lateral pins but without significant 

difference from three lateral pins5)6) . Good clinical 
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result of two lateral pin fixation comparable with 

cross pinning has been reported7)�9) The diver

gent lateral pin configuration can give more 

stability than parallel pins and convergent or 

lateral pins crossed at the fracture site had th巴

least stabilitylO) . However， three pins can be used 

for only lateral insertion to increase stability 

without risk of ulnar nerve inj ury. We have used 

the cross pin technique for the fixation of 

displaced supracondylar fractures of the hume

rus in our hospital for a long time. but iatrogenic 

ulnar nerve injury had been found in some cases. 

Recently， we changed the technique to only 

lateral pins for fixation， initially with 2 1ateral pins 

and finally with 3 lateral pins for Gartland typ巴 3

fracture. The purpose of this study was to assess 

the results of each type of fixation in the view of 

c1inical outcome and the risk of iatrogenic ulnar 

nerve ll1Jury. 

Methods 

Before the year 2004， all displaced supracondy

lar fractures requiring reduction in our hospital 

were fixed with standard crossed pinning and 

iatrogenic ulnar nerve inj ury occurred in some 

cases. After a review of the relevant Iiterature， 

we introduced the method of diverg巴nt lateral 

pinning for fixation of the fractures after reduc

tion to avoid iatrogenic ulnar nerve inj ury. We 

also initiat巴d a pilot randomized control study 

comparing the result of crossed pinning and two 

lateral pinning for fixation of Gartland type 3 

fracture from the year 2004 to 2007. Because of 

the small numb巴r of patients enrolled， only 16 

cases were included in that study with similar 

c1inical results found in both groups. From the 

year 2007 to 2009， we recommended using two 

lateral divergent pins for all fixations and found 

some cases that needed revision. After that， we 

used three lat巴ral pins fixation for all type 3 

fractures and some type 2 fractur巴s with uncer 

tain stability after two lat巴ral pins were inserted. 

1n order to compare the result of the different 

methods of fixation， we started to review all cases 

treated during th巴 change of treatment strategy. 

The medical records and plain radiographs of 

all pediatric patients attending our hospital for 

treatmen t of supracondylar fracture of the 

humerus betwe巴n the year 2004 and 201 1  were 

review巴d. The patients with Gartland type rn 

fracture and Gartland type 11 that required 

reduction and fixation with pins were included in 

this study. AII patients were followed up until 

union of the fractures with at least on巴 further

follow up after pin removal. The demographic 

data of the patients were reviewed and important 

data w巴re collected such as preoperative neuro

vascular status， ne巴d of open reduction， techni

ques and numbers of pins used for fixation， 

revision of reduction and fixation and iatrogenic 

ulnar nerve lI1J ury. The range of motion and 

carrying angle compared with the uninjured side 

recorded on the last follow up were collected. The 

last plain radiograph was used to measure the 

humeraトulnar angle by r巴cording the positive 

value for the valgus angle and negative value for 

the varus angle. Th巴 patients were categorized 

into 3 groups : those with crossed pinning， 2 

lateral pinning and 3 lateral pinning. Th巴 age of 

the patient and the duration of follow up were 

compared among groups. The c1inical results 

included range of motion， the difference of the 

carrying angle to the normal side， and hum巴ral

ulnar angle， compared by Kruskal Wallis test. 

The rate of revision and iatrogenic ulnar nerve 

injury were also compared among groups. 
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Tab!e 1 Comparing ammong the groups about age of patients， di妊erence of carrying 

ang!e compared with the normal sid巴 (Di丘 carrying) ， Humera卜ulnar angle (H-U 

angle) ， follow up time (F /U) ，  range of motion in ext巴nsion (ROM ext.) and range 

of motion in fIexion (ROMfIex，) ， No di紅白でnce of all indicators was observ巴d

among th巴 groups (p > 0 ， 05) determine by the KruskaJ WaJlis test 

crossed pinning 2 lateral pinning 3 lateral pinning p-value' 

(8 cases) ( 16 cases) (7 cases) 

Median m1l1-max Median 

Age (year) 5 3-9 6 

Di旺， carrylllg 2 0-3 I 

H-U angl巴 (0 ) 9 ， 5  6-14 9 

F/U (week) 1 2  6-176 12  

ROM ext. (O ) - 2 ， 5  一 5-10 - !:J  

ROM日ex， ( 0 )  140 120-145 140 

， : Kruskal Wallis Test 

Results 

Of the 3 1  patients incJuded in this study， 20 

male and 1 1  female， 14 cases were right side and 

17 cases were left side， The ages of the patients 

range between 2 and 13 (average 5 ， 97) years， 

According to Gartland's cJassification， 24 were 

type 1II and 7 were type II ，  No preoperative 

neurovascular compromise was found in all cases， 

All type II fractures were successfully treated 

with cJosed reduction， and 5 of 24 type 1II 

fractures ne巴ded open reduction du巴 to unaccept

able reduction with closed method， Of 5 cases of 

open reduction， 2 cases w巴re perform巴d on 

revision， Initially， 9 cases were fixed with crossed 

pinning， 7 cases with 2 crossed pinning and 2 

cases with 3 cross巴d pinning (2 pins on lateral and 

1 pin on median ) ，  Of 18 cases fixed with 2 lateral 

pinning， 13 cases were cJassified as type 1II and 5 

cas巴s as type II ，  4 cases were initially fixed with 

3 lateral pins， 2 cases wer巴 typ巴 皿 and 2 cases 

were type II ，  4 cases of the patients， all were 

type 1II ， need巴d revision according to unaccepta

ble alignment Of 4 cases of revision， 1 case was 

revised from 2 lateral pinning to 2 lateral pinning， 

1 case was revised from 3 crossed pinning to 3 

lateral pinning， and 2 cas巴s were revised from 2 
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町lln-max Median 打1111-π1ax

2-9 7 3-13 0 ， 540 

0-5 2 0-4 0 ， 899 

5-13 10 6-14 1 . 000 

6-39 8 6-32 0 ， 904 

- 10-10 。 - 5-10 0 . 426 

125-145 140 130-140 0 ， 985 

lateral pinning to 3 lateral pinning， The revisions 

resulted in 8 cases remain in the crossed pinning 

group (a case with 3 crossed pins) ， 16  cas巴s in the 

2 1ateral pinning group and 7 cases in the 3 1at巴ral

pinning group， The pins were removed between 

4 and 6 weeks， Iatrogenic ulnar nerve injury was 

detected in 2 of 9 cases (22 % )  initially treated 

with cross pinning， Both cases had complete 

recovery at last time follow up， and no ulnar 

nerve injury was detected in the lateral pinning 

group， 

Using the Kruskal Wallis test to compar巴

b巴tween 出e groups (Table 1 ) ，  no di妊érence (p = 
0 ， 54) was found  on the age of 出巴 patients in each 

group with median age of 5 (3-9) years in the 

crossed pinning group， 6 (2-9) years in 出e 2 

lateral pinning group and 7 (3-13)  years in the 3 

lateral pinning group， The follow up times were 

6-176 (median = 12 )  weeks in the crossed pinning 

group， 6-39 (median = 12) weeks in the 2 lateral 

pinning group and 6-32 (median = 8) weeks in the 

3 lateral pinning group without significant 

di任erence in each group (p  = 0 ， 904) ， The median 

of the differ巴nces of carrying angle from normal 

side were 20 (0-30 ) in the crossed pinning group， 

10 (0-50 ) in the 2 lateral pinning group and 20 (0-

40 ) in the 3 lateral pinning group without 



Fig. 1 The prop巴r configurations of the pins (A) 2 lateral pins， 巴ach pin 

should have maximum separation at the fracture site ; th巴 first pin 

should be insert巴d in more vertical direction and th巴 second pin 

should be inserted more distally and penetrate the medial cortex in 

an adequate distanc巴 from the fracture si te. (B) 2 cross巴d pins， each 

pin should cross each other as much as possible above the fracture 

site to provide maximum separation at the fracture site 

significant di:fferences betw巴en each group (p = 

0 . 899) . The median of the humeral-ulnar angles 

was 9 S  (6-140 ) in the crossed pinning group， 90 

(5-130 ) in the 2 lateral pinning group and 100 (6-

140 ) in the 3 lateral pinning group without 

significant differences among the groups (p = 

1 . 0) .  The range of motion on last follow up in 

extension had no difference (p = 0 . 426) with the 

median value of 2 . 50 ( - 5-100 ) in the crossed 

pinning group， - 50 ( - 10-100 ) in the 2 lateral 

pinning group and 00 ( - 5-100 ) in th巴 3 lateral 

pinning group. No di妊erence were found on range 

of motion in flexion (p = 0 . 985) with the m巴dian

valu巴 of 1400 in all groups， and ranging from 120-

1450 in the crossed pinning group， 125-1450 in 

the 2 lateral pinning group and 130-1400 in the 3 

lateral pinning group. 

Discussion 

The standard stabilization for displaced supra

condylar fracture of the hum巴rus in children after 

reduction is fixation with pins. Crossed pinning 

has widely been used for a long time because of 

the evidenc巴 supporting its stability. The pr巴va

l巴nce of iatrogenic ulnar nerve inj ury caused by 

medial entry pin has been reported to vary from 

0_20%2)7) 1 1 ) 1 2). A systematic review by Slobogeoan 

et a1. 13) suggested iatrogenic ulnar n巴rve injury 

occurs in every 28 patients treated with crossed 

pinning compared with the lateral pinning 

technique Most of these ulnar nerve injuries had 

complete recovery， however some cases of 

pers is ten t  u l n a r  n erve  pa lsy  have b e e n  

reported7). Some authors recommended mini

exploration to identify and protect the ulnar 

nerve or avoid hyper-flexion during insertion of 

the medial pin7) 14) 15) . 

The isolated lateral entry pins can reduce the 

risk of iatrogenic ulnar nerve inj ury but the 

question remains about adequate stability to 

maintain reduction. A biomechanical study by 

Zionts et a1.5) showed that th巴 rotational stability 

is greatest with two crossed pinning follow by 

three lateral pinning with the average of 25% 

less strength. Two lateral pinning in parallel 

configuration provide an average of 37% less 

strength. Larson et a1 16) also found that 3 lateral 

pin fixation provided stability comparable with 

cross巴d pinning except for the torsion strength. 

Som巴 biomechanical studies in synthetic humeri 

197 



Fig. 2 A case of type 3 fracture A & B : before closed r巴duction. C & D : after 

c10sed reduction with 2 latera l pins， the inappropriate insertion points in 

distal fragment and no penetration of a pin on the medial cortex， E & F 

after revision with open reduction and fixation with 3 1ateral pins， G & H : 
the fracture healed with appropriate alignment 

found that lateral djvergent pins have a simila1' 

stiffness as two crossed pins with more sti百n巴ss

in extension and 3 pin configuration had the most 

stiffness including in mal-1'educed specimenslOl l7l 

Kocher et al.1 1 l held a randomized clinical t1'ial in 

type 3 fracture and found no di妊er巴nce between 

lateral pinning and crossed pinning in ability of 

reduction maintenance and functional result. 1n 

that study， 出e late1'al pins configu1'ation were 

divergent and parallel. Adding a third lateral 

entry pin will give more stability for the lateral 

pinning technique. A p1'ospective 1'andomiz巴d

study in 104 typ巴 3 fractures by Gaston et a1. 18) 

found no statistical significance for the number of 

cases had significant change of post ope1'ative 

alignment between the crossed pinning and 

lateral pinning groups. The configu1'ations of 

lateral pinning in his study were parallel 01' 

divergent. Eight patients in 出巴 crossed pinning 

and 5 patients in the lateral pinning g1'oup had to 

add a thi1'd pin due to uncertain stability. The 
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rate of iatrogenic ulnar nerve inj ury in this study 

from the cases of our pilot study compared 

between the crossed pinning and lateral pinning 

is 22% in only the group initially t1'eated with 

crossed pinning. No ulnar nerve injury was found 

in the lateral pinning group. A common problem 

of 2 lateral pinning is the difficulty to pass the 

pins in div巴rgent di1'ections. The fi1'st pin has to 

be inserted in a mo1'e ve1'tical di1'ection in order to 

pass 凶e fracture site in the late1'al column and 

penetrate the medial cortex proximally far from 

the fracture site. The second pin also needs a 

more distal insertion point to achieve the greatest 

separation of the pins at the fracture site and 

penetrate th巴 medial metaphyseal fragm巴nt

above the fracture site in a distance adequate for 

stable fixation (Fig. 1 ) .  This difficulty will have 

more effect with an inexperienced orthopedist 

F1'om the review on th1'ee cases of the lateral 

pinning group that needed 1'evision， all had an 

erro1' on fixation techniqu巴 (Fig. 2) . The pin 



Fig. 3 A cas巴 of type 3 fracture referred fro111 another hospital after closed 

reduction with 3 crossed pinning A & B : before closed reduction， C & D : 
after clos巴d reduction and fixation with 3 crossed pins， there had been an 

extension of the distal fragmen t because 2 pins penetrated the fracture 

site at th巴 same point and th巴 third pin passed the fracture site without 

any fixation on the distal fragment， E & F : revision was done at a week 

after injury with closed reduction and fixation with 3 1ateral pins， G & H : 
the fracture heal巴d with appropriate alignment 

configuration also had an e丘ect on the crossed 

pinning t巴chnique as we had a case that was sent 

from another hospital because of unacceptable 

alignment after reduction and fixation with 3 

crossed pins (Fig. 3) . To achieve maximal stabili

ty from the crossed pins， the pins should cross as 

much as possible above the fracture site to 

provide the greatest separation of the pins at the 

fracture site (Fig. 1 ) .  If an 巴ffective configuration 

of pins was not achieved， the third pin will 

increase the stability of fixationl8) . 

As mentioned previously， we had three cases in 

the two lateral pinning group requiring revision， 

successfully revised with two lateral divergent 

pins in one case and three lateral pins in the other 

two cases. At present， we decid巴d to use three 

lateral pins to increase stability without increas

ing the risk of iatrogenic ulnar nerve injury. Aft巴r

fixation， the stability was ch巴cked by moving the 

elbow in flexion and extension under fluoroscope. 

If the stability was in question， the configuration 

of the pins was adjusted. A limitation of this study 

was that only a small numb巴r of cases could be 

collected and it was not a randomized control 

study. Further studies are needed before making 

a clear conclusion. We did not carry out the 

randomized control study because of our high 

incid巴nce of ulnar nerve inj ury from the pilot 

study， so we abandon巴d the medial and lateral 

crossed pinning technique. 1n our hospital， we 

recommend using 3 lateral pins for fixation of 

Gartland type 3 fractures to increase stability. If a 

surgeon decided to continue using lateral and 

medial entry crossed pins， th巴 medial pin must be 

inserted with the elbow in extension and a mini 

incision to identify and protect the ulnar nerve 

199 



should be performed. 

1n conclusion， we suggest 出at three lateral 

pins for fixation of a supracondylar fracture of the 

humerus in children provides adequate stability 

without any risk of iatrogenic nerve injury. 
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