
Diaphyseal Fractures of Humerus: Intramedullary Nail 
Versus Plate Fixation

Siddharth M. Shah*, Amit R. Ajgaonkar**

*Registrar, **Honorary and Head of Unit, Department 
of Orthopaedics, Shri Harilal Bhagwati Municipal 
General Hospital, Borivli (West), Mumbai 400103.

Abstract

Controversy exists regarding the optimum method of internal fixation for humeral 

shaft fractures when surgical treatment is indicated. This study compares the 

clinical, radiological and functional outcome in patients with fracture of the shaft of 

humerus fixed with interlocking nails (IMN) or plates (PLT). A comparative study of 

47 humeral shaft fractures in 47 eligible patients was performed; 23 IMN group and 

24 PLT group. Outcome was measured on the basis of clinical, radiological and 

functional parameter using the American Shoulder and Elbow Surgeons score (ASES) 

and a comparison was made between the two groups. Incidence of wound 

complications (two v/s none, p=0.49) and radial nerve palsies (one v/s none, p=1.00) 

were greater in the PLT group but not statistically significant. Incidence of shoulder 

pain was significantly greater (p= 0.0496) in the IMN group (four v/s none). Though 

not significant, more patients in the IMN group had restricted shoulder range of 

motion than in the PLT group (three v/s one, p=0.35). There was no significant 

difference in the incidence (21/23, IMN v/s 22/24, PLT; p=1.00) and the mean 

duration to union (13.9 weeks, IMN v/s 15.3 weeks, PLT; p=0.23) in the two groups. 

Functional outcomes assessed by ASES (81.5, IMN v/s 82.3, PLT; p=0.81) were 

comparable in the two groups. We found that the short term functional and 

radiological results of interlocked nailing and plating in patients with fractures of 

the shaft humerus are comparable. Incidence of shoulder pain with antegrade nailing 

was significantly greater than the plating group. Overdistraction at the fracture site 

after nailing increases the risk of non-union and can be prevented by choosing the 

correct nail length, size and back hammering the nail before proximal locking. A 

larger sample size with a longer follow-up of patients is recommended to determine 

the optimum method of fixation for these fractures.

Introduction

ost humeral shaft fractures can be Mtreated non-operatively. Non- 

surgical treatment results in higher 

i n c i d e n c e  o f  u n i o n  a n d  f e w e r  

complications than open reduction and 
1internal fixation.  Though most heal well 

with conservative care, a small but 

consistent number will require surgery for 

optimum outcome. There are specific 

indications where operative treatment has 

been shown to improve the outcome of the 
2fracture or the patient.  Fractures of the 

shafts of the humerus can be fixed 

internally using plates and screws or 

intramedullary nails. Plate osteosynthesis 

has been shown to achieve high rates of 

union with early active shoulder and elbow 

range of motion, but may require extensive 
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exposure and periosteal stripping. 

Intramedullary nailing offers the 

advantages of biomechanical load sharing, 

closed insertion techniques, decreased 

soft tissue disruption and preservation of 

extramedullary blood supply but has been 

implicated in post- operative shoulder and 
3elbow dysfunction.  This study compares 

the clinical, radiological and functional 

outcome in patients with fracture of the 

shaft of humerus fixed with interlocked 

intramedullary nailing (IMN) or plating 

(PLT).

Material and methods

A comparative study of patients with 

fracture of the shaft of the humerus, 

undergoing nailing or plating was 

performed. The study included 47 

fractures in 47 patients; 23 in the IMN 

group and 24 in the PLT group. All the 

fractures were at least three centimetres 

distal to surgical neck of the humerus and 

at least five centimetres proximal to the 

olecranon fossa. The indications for 

operative treatment for the humerus shaft 

fractures were as follows:

1. Failure to obtain or maintain 

satisfactory closed reduction.

2. Open fractures.

3. Polytrauma.

The following fractures were excluded from 

the study:

1. Pathological fractures.

2. Segmental fractures.

3. Fractures with associated neural or 

vascular injury.

4. Patients with history of a previous 

humerus fracture.

5. Grade III open fractures.

6. Patients who might be unable to co- 

operate in the assessment of function 

in view of head injury.

7. Injuries older than 21 days.

All the fractures were stabilised within 

21 days of injury. The open fractures 

eligible in the study were stabilised 

primarily after irrigation and excisional 

debridement. The compounding wounds 

were re- evaluated within three to five days 

for delayed primary suturing or secondary 

suturing depending on their appearance at 

the time of the secondary procedure.

All the patients undergoing nailing 

were managed with reamed interlocked 

stainless steel nail. All the nails were 

introduced in an antegrade manner using 

the deltoid splitting approach, with the 

patient in supine position. The entry portal 

was just lateral to the articular surface of 

the humeral head and medial to the 

greater tuberosity. All the fractures were 

reduced and stabilised under fluoroscopic 

guidance. Two fractures required open 

reduction. All the others were stabilised 

without opening the fracture site. 

Attempts were made to insert two 

transfixion bolts in both the proximal and 

distal fragment. However, in instances 

when this was not possible at least one bolt 

was inserted proximally and distally. 

For the patients undergoing plating, 

an anterior approach was used for 

proximal third fractures (Supine position), 

whereas a posterior approach (Lateral 

position) was used for all middle and distal 

third fractures. A 4.5 mm dynamic 

compression plate (DCP) or limited- 

contact DCP (LC- DCP) was used to fix all 

fractures. The principle of at least six 

points of cortical fixation on either side of 

the fracture was rigorously observed. 

Post-operatively, the arm was 
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supported in an elbow pouch for one week. 

Elbow and shoulder range of motion 

exercises were started as soon as the 

patient's condition permitted. Follow-up 

clinical and radiological examination was 

performed at four, eight, twelve and 

sixteen weeks post-operatively. Further 

radiographs were obtained depending on 

the healing status. All patients were asked 

to return for six and twelve monthly follow- 

up examinations. Clinical assessment 

included shoulder and elbow range of 

motion, neurological examination and 

rating of pain.

Pain was assessed on a questionnaire 

based on its presence or absence in the 

shoulder, arm or the elbow.  Range of 

motion (ROM) was rated normal or limited, 

based on its comparison with the normal, 

contralateral, uninjured joint. Limited 

shoulder ROM was defined as more than 

10 degrees difference in any of the motions 

of abduction, forward flexion or external 

rotation. Limited elbow ROM was defined 

as more than 10 degrees difference in the 

elbow flexion or extension. The final 

functional outcome was measured at the 

end of six months post-operatively in all 

the patients in whom union was achieved. 

Patients with non-union were not 

considered for the final functional 

assessment. Six months post-operative 

period was chosen as by that time the 

functional result would have started to 

level off. The final functional assessment 

was done using the American Shoulder 
4and Elbow Surgeons score (ASES).  

Statistical analysis was performed using 

statistical analysis software. Student's t 

test, chi square test and Fisher's exact test 

were used. The differences were 

considered to be statistically significant if 

the p value was < 0.05.  

Observations and Results

The mean age of the patients in the 

IMN and PLT groups were 40.9 years 

(Range: 22 - 60 years) and 41.6 years 

(Range: 24 - 59 years) respectively and 

were not significantly different (p= 0.83). 

The ratios of males: females were 18: 5 and 

16:8 in the IMN and PLT group 

respectively. The differences in the 

distribution of sexes in the two groups 

were not statistically significant (p=0.52).

19 fractures in the IMN group were 

closed as against 17 in the PLT group. 

There were two fractures each in the Grade 

I and II subtype in the IMN group. Five 

Grade I fractures and two Grade II 

fractures were seen in the PLT group. 

There was no significant difference in the 

distribution of closed versus open 

fractures in the two groups (p=0.49). 

Similarly the difference in the distribution 

of Grade I versus Grade II open fractures in 

the two groups was also not significant 

statistically (p= 0.58).

The indications for surgery in the two 

groups were not significantly different (p= 

0.92). The Table 1 shows the distribution 

of indications of surgery in the two groups:

Table 1 : 

in the two groups

The Table 2 shows the levels of fracture 

in the two groups. The distribution of 

fractures at various levels in the two 

groups were not significantly different 

(p= 0.99).

showing indications of surgery 

IMN PLT

Failure of closed treatment 15 14

Open fractures 4 7

Polytrauma 4 3
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Table 2 : 

in the two groups

Post-operative complications included 

two wound infections in the PLT group. 

There was no wound infection in the IMN 

group. However this difference was not 

statistically significant (p=0.49). One 

patient in the PLT group developed Radial 

nerve palsy post- operatively. However this 

was temporary and recovered after 3 

months of surgery. Though no post- 

operative radial nerve palsies were seen in 

the IMN group, this difference was not 

statistically significant (p=1.00). Four 

patients in the IMN group complained of 

ipsilateral shoulder pain, whereas none in 

the PLT group reported such a problem 

and this difference was statistically 

significant (p=0.0496). One patient 

complained of elbow pain in the PLT group 

as compared to none in the IMN group. 

However this difference was not significant 

statistically (p= 1.00). Three patients had a 

restricted shoulder range of motion in the 

IMN group as compared to only one in the 

PLT group. Though post-operative 

decreased range of motion was seen in 

more number of patients in the IMN group, 

it was not significantly different from the 

PLT group (p=0.35). There was no 

significant difference in the number of 

patients having decreased post-operative 

elbow range of motion (1: IMN group, 2: 

PLT group; p= 1.00).

Union was considered to be achieved 

clinically, if the patient could use his arm 

showing the levels of fracture without pain and there was no tenderness 

at the fracture site. Union was considered 

to be achieved radiologically, if bridging 

callus was seen at the fracture site. If the 

fracture did not unite even after 8 months 

of injury or there was failure of fixation, it 
5was labelled as non- union.  Two fractures 

in both the IMN and PLT group did not 

unite even after 8 months of injury and 

were labelled as non-union (p= 1.00). The 

mean time for union in the IMN group was 

13.9 weeks (range: 8-24 weeks). The 

fractures in the PLT group united at a 

mean time of 15.3 weeks (range: 12-24 

weeks). Though the mean time at union in 

the IMN group was lesser than the PLT 

group, this difference was not statistically 

significant (p= 0.23). 

The Table 3 summarises the incidence 

of complications in the two groups:

Table 3 : 

the two groups

'*'- Range of motion

The mean ASES in the patients of IMN 

group was 81.5 as compared to 82.3 in 

the PLT group and was not significantly 

different (p= 0.81) among the two groups.

showing the incidence of complications in 

Level of fracture IMN PLT

Upper third 4 5

Middle third 13 9

Lower third 6 10

IMN PLT p value

Wound infection 0 2 0.49

Radial nerve palsy 0 1 1.00

Shoulder pain 4 0 0.0496

Elbow pain 0 1 1.00

Decreased shoulder ROM* 3 1 0.35

Decreased elbow ROM* 1 2 1.00

Non- union 2 2 1.00

Total 10 9 0.77
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Discussion

Though most humeral shaft fractures 

can be managed non-operatively, 

operative intervention is indicated in 

specific circumstances. Controversy still 

exists regarding the method of internal 

fixation of these fractures. Our study 

compares the clinical, functional and 

radiological outcome between locked 

intramedullary nailing and plating in 

patients with fractures of the shaft of 

humerus. Our indications for operative 

treatment of fractures of the shaft of 

humerus were similar to the other 
5, 6, 7authors.  We excluded patients with 

grade III open fractures from the study like 
7 6McCormack et al.  Lin J and Chapman JR 

5et al  however had included grade III open 

fractures in their study.

The patients in both the nailing and 

the plating group were comparable with 

respect to demographics, type and location 

of fracture and indications for surgery. In 

our study, we found no significant 

difference in the healing and the 

functional outcomes in the nailing and 

plating groups.

In previous reports of DCP fixation, 

incidence of non-union ranged from 2% - 

10 %, iatrogenic radial nerve palsy from 

2% - 5% and wound infection from 2% - 
74%.  In the PLT group in our study, there 

were two non-unions (8.33%), one 

iatrogenic radial nerve palsy (4%) and two 

wound infections (8.33%). The incidence of 

complications in the PLT group in our 

study compares well with those previously 

reported. Retrospective studies of locked 

humeral nails have shown non-union 
7rates of 0% - 8%.  Two patients in the IMN 

group in our study had non-unions (8.7%), 

which is comparable to the rates reported 

previously. The rates of non-union, 

iatrogenic radial nerve palsy and wound 

infection were not significantly different in 

the two groups in our study.

Both the non- unions in the PLT group, 

were due to failure of fixation. The 

fractures were fixed with a six hole DCP, 

with six points of cortical contact on either 

side of the fracture but without an inter- 

fragmentary screw. We agree with the 
2recommendations of McKee MD,  that a 

minimum of eight points of cortical contact 

must be obtained on either side of the 

fracture and that six points of cortical 

contact are adequate only if an inter- 

fragmentary screw has been applied. The 

following X- rays (Fig. 1a and 1b) shows 

loss of fixation in the patient where only six 

points of cortical contact on either side of 

the fracture were obtained to fix the 

fracture, at 5 months post-operatively. 

Subsequently the fracture went into non- 

union for obvious reasons. 

Figure 1a and 1b, showing loss of fixation

Both the cases of non-unions in the 

IMN group were due to overdistraction at 

the fracture site (Fig. 2a and 2b). In one 

case the overdistraction was due to a 

longer nail, whereas in the other a thicker 
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nail resulted in fracture site distraction. 

Overdistraction increases the load on the 

hardware and contributes to non- union. 

Axial compression should be applied to 

both the ends of the humerus to effectively 

close the gap at the fracture site. We have 

found that back- hammering of the nail, 

before applying proximal locking bolts is a 

useful method to prevent distraction at the 

fracture site.

Figure 2a and 2b, showing overdistraction

Four patients in the IMN group 

complained of shoulder pain at follow-up 

and was significantly greater than the 

patients in PLT group (p= 0.0496). Similar 

findings have been reported by Chapman 
5 7et al  and McCormack et al  and is most 

likely due to surgical trauma of nail 

insertion and proximal locking (injury to 

rotator cuff, subdeltoid bursa, deltoid 

fibres). Inspite of this no significant 

difference was found in the post- operative 

shoulder range of motion in the two 

groups. This problem is naturally avoided 

when retrograde approach for nailing is 
8used. Rommens et al  reported excellent 

functional results with retrograde nailing 

without shoulder morbidity. 

The total incidence of post-operative 

complications was comparable in the two 

groups (IMN: 10 complications, PLT: 9 

complications; p= 0.77).

Apart from the cases of fixation failure 

in the PLT group where six hole plates were 

used, there was no incidence of plate, 

screw, nail breakage in either of the groups 
3in our study. Chen et al  studied the 

fixation stability of a DCP and locked 

antegrade inserted nail. They found that 

cyclic loading showed no difference 

between the two groups for average gap 

displacement or construct stiffness. They 

concluded that although both methods 

offer similar fixation stability under 

physiologic loads, the higher load to failure 

demonstrated by the IMN fixation may 

have implications for the multiply injured 

patient for whom partial weight- bearing 

on the injured upper extremity may be 

necessary. 

The mean ASES in the PLT group was 

82.3 as compared to 81.5 in the IMN 

group. Though marginally greater as 

compared to the IMN group, the ASES 

score in the PLT group was not 

significantly different. The ASES in the two 

groups were comparable suggesting that 

the functional outcome on the basis of 

activities of daily living is similar 

irrespective of the method of internal 

fixation. Patients in the IMN group, who 

obtained a poor score correlated well with 

shoulder morbidity due to antegrade 

nailing. Our findings are similar to those of 
7McCormack et al  in this regard, who 

found no significant differences in the 
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ASES in the PLT and IMN group but did 

confirm shoulder morbidity due to rotator 

cuff injury, when an antegrade approach 

was used. In fact, their initial protocol 

mentioned humerus interlocked nailing 

using antegrade approach. However after 

an interim analysis and reports of 
5Chapman et al , they used retrograde 

approach whenever possible. Rommens et 
8al  have shown excellent functional results 

after retrograde nailing in these fractures 

without shoulder morbidity.

In a meta-analytical study by 
9Bhandar i  e t  a l  that  compared 

intramedullary nailing and compression 

plating for fractures of the shaft of 

humerus, they reported that plate fixation 

may reduce the risk of shoulder 

impingement but the cumulative evidence 

remained inconsistent and that a larger 

trial may be needed to confirm the 

findings.

Our study includes short term follow 

up of a small number of patients. We 

believe that a larger sample size with a 

longer period of follow-up may draw a 

clearer comparison between the two.

Conclusion

1. Short term functional and radiological 

results of locked intramedullary 

nailing and plating in patients with 

fractures of the shaft humerus are 

comparable.

2. Overdistraction at the fracture site 

after nailing increases the risk of non- 

union. It is important to choose the 

correct nail length and size to prevent 

the same. Back hammering the nail 

before proximal locking is a useful 

method to achieve axial compression 

and effectively close the gap at the 

fracture site.

3. Incidence of shoulder pain with 

antegrade nailing is significantly 

greater than the plating group.

4. A larger sample size with a longer 

follow-up of patients may help 

determine optimum method of internal 

fixation of these fractures.
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