
INTRODUCTION
Fractures of the humeral shaft account for roughly 3% of all 
fractures resulting from fall on the outstretched hand, motor 
vehicle accidents and direct loads to the arm. The commonest 
cause of injury is a motor vehicle accident especially in young 

1adults . While it is fall injury in elderly patients. Greater 
amounts of comminution and soft tissue injury results from 

3,4higher energy injuries. Most of these fractures can be treated 
1,2 non-operatively with a greater than 90% rate of union.

Classically, humeral shaft fractures have been classied on 
the basis of various factors that mostly inuence treatment 

1 rd 3rd rdsuch as location : a) proximal 1/3  b) middle 1/  c) distal 1/3 . 
It indicates severity of force on the bone during injury. 

1 On the basis of direction and character of fracture line a) 
transverse b) oblique c) spiral d) comminuted e) segmental 
On the basis of fracture comminution to the external 

5environment, open fractures by Gustilo and Anderson  a) 
grade 1 b) grade 2 c) grade 3A, grade 3B grade 3C. 

This fracture is usually associated with skeletal and 
neurovascular injuries involving shoulder and elbow joints 
and radial, median, axillary, ulnar nerve and brachial artery 
and vein. 

According to AO/ASIF, on the basis of fracture comminution it 
is classied as; type A-Simple fracture which is further 
classied as A1(spiral), A2( oblique) and A3( transverse) , type 
B( Wedge) which is further divided as B1(Spiral wedge), B2( 
bending wedge) and B3( fragmented wedge). Type C 
(complex comminuted) again subdivided into C1(Complex 

1spiral) C2( complex segmental) C3(complex irregular).

In contrast to the compressing forces in lower extremity 
fractures resulting from the body weight and ground reaction 
forces, reduction can be achieved easily in humeral shaft 
fractures owing to the effect of the muscle tissue surrounding 
the humerus, and consequently, conservative treatment can 

6,7be   possible most of the time  .  It has been reported that 
higher rates of healing, lower rates of complications, and 
better functional results can be achieved as compared to 

9,10,11surgical treatment.

Application of surgery is accepted in general for fractures with 
vascular and nerve injury, patients with multiple fractures, 
bilateral humeral shaft fractures, comminuted segmental 
fractures, pathological fractures, open fractures, fractures 
that vascular and nerve complications develop during 
conservative treatment fractures with poor patient compliance 
like mental retardation and in those with neurological 
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disorders like parkinsonism or epilepsy. Humeral fractures in 
cases other than mentioned above can be successfully treated 

12,13,14,15,16with conservative methods.

Hanging cast, U  splint, shoulder-trunk cast, Sarmiento cast, 
abduction device, shoulder xing bandage(velpeau 
bandage) and skeletal traction are used methods of 
conservative traction. Movements of shoulders and elbow can 
be set free in early stages with brace treatment, and 
complications like stiffness in the elbow and shoulder joints, 
and subluxation of the shoulders as a result of atrophy of the 

17,18,19,20,21,22,23deltoid muscle can be prevented.

Functional bracing has essentially replaced all other methods 
of conservative treatment and has become the “gold 
standard” for non-operative treatment because of its ease of 
application, adjustability, allowance of shoulder and elbow 
motion, relatively low cost and reproducible results. Humeral 
functional bracing was initially popularized by Sarmiento in 

2,61977 . It works on the principles of hydraulic effect of the 
brace by compressing the soft tissues circumferentially and 
maintains the fracture alignment. Active contraction of the 
muscles and benecial effect of the gravity has been shown to 
be very effective for treating closed humeral shaft fractures. 
Union rates of 96% to 100% have been reported with this 

6,7techniques. 

With the effect of gravity and weight of the limb, initial 
reduction can be achieved and this is maintained by 
functional brace. This stabilization of the fracture fragments 
allows active shoulder and elbow movements adjacent to the 
fracture. With the active contraction of the muscles around the 
fracture, physiologically controlled micromovement takes 
place, and blood ow and mineral deposition increases at the 
fracture site. These two factors together stimulate 
osteogenesis, and fracture healing occurs with external 

29bridging callus.

The humeral brace consists of two plastic sleeves and two 
adjustable Velcro Straps to  hold the sleeves together. The 
sleeve extends medially from 2.5 centimeter below the axilla to 
1.3 centimeter above the medial epicondyle of the humerus. 
Laterally, it extends from a point just below the acromion to 
slightly above the lateral epicondyle. During application of 
the sleeve, minor correction in the alignment of the fragments 
can be carried out. The sleeve must allow a complete range of 
motion of the shoulder and elbow. The Velcro straps permit 
removal of the splint for personal hygiene and for adjustment 

30of the compression of the soft tissues as the edema subsides.
Guidelines for acceptable alignment for humeral shaft 
fractures were proposed by Klenerman, and they have been 
endorsed by several authors since then. Accordingly 
maximum of 3 cm of shortening, 20 degrees of anterior or 
posterior angulation and 30 degrees of varus angulation are 

31acceptable.

Although facilities for operative treatment are easily 
accessible in developed countries, these facilities are not 
available in most of peripheral areas in our country. Patients 
should wait for long time for surgery even in the centers that 
provide operative facilities because of overload of patients. So 
there is a prime importance of conservative treatment of 
humeral shaft fracture in the developing countries. Besides, 
the cost of operative treatment is quite high as compared to 
conservative treatment. Patients should undergo operation 
second time for the removal of implant in case of operative 
method. There is chance of infection, neurovascular injury, 
shoulder impingement, delayed union and nonunion in 
operative treatment.

A large number of patients came to our institute with humeral 
shaft fracture for treatment. The purpose of this study is to 
determine the functional outcome of diaphysealhumerus 
fracture in patients above 16 years of age treated 
conservatively by functional brace.

General Objectives
To evaluate the effectiveness of functional brace in fracture 
shaft of humerus in age 16 year onwards.

Specic Objectives
Ÿ To nd out age, sex and side distribution.
Ÿ To measure the mean time for union.
Ÿ To evaluate the post functional bracing radiological 

parameters (AP angulation).
Ÿ To measure shortening of arm at the time of removal of 

brace
Ÿ To assess the varus/valgus angulation

METHODOLOGY
Type of Study
This was a prospective hospital based observational study 
carried out at National Medical College And Teaching 
Hospital, Birgunj, Nepal. A total of 50 cases with closed 
fracture shaft of humerus  above 16 years of age who arrived 
within 14 days of injury during 1 year study period (July 2016 - 
June 2017) were included in the study.

EXCLUSION CRITERIA
1) Failure to obtain and maintain adequate closed reduction 

with residual shortening of more than 3cm, anter 
oposterior angulation of more than 20° and varus or 
valgus angulation of more than 30°.

2) Floating elbow
3) Open fracture
4) Polytrauma with multiple injuries, Spinal cord injury, head 

injury and lower extremity long bone fractures
5) Bilateral humeral fractures.
6) Segmental fracture of humerus
7) Pathological fracture
8) Neurovascular injury of the limb
9) Nerve injury occurring during the period of conservative 

management
10) Intra-articular extension of fracture into shoulder or elbow 

joint
11) Brachial plexus injury
12) Poor patient compliance like mental retardation and those 

with neurological disorders like parkinsonism or epilepsy.

Procedure
All the patients above 16 years of age with isolated arm 
trauma were attended in emergency or OPD. A proper history 
was taken and detailed examination of the patient was done 
alongwith vitals and general condition monitoring. 
Radiographs of the arm including shoulder and elbow joints, 
anteroposterior and lateral view were done to conrm the 
diagnosis and evaluation for fracture level, pattern and 
comminution.

The fracture was classied by AO/ASIF classication of long 
bone and all the patient with fracture shaft of humerus  who 
had given an informed consent for participation in the study 
were included in the study.

Close Reduction Technique
Under the supervision of the faculty members, the fractures 
were reduced under analgesia by making the patient sit on the 
table. The weight of the limb and the effect of gravity help in 
reduction of the fracture. After reduction of fracture arm was 
immobilized in U slab with the elbow in 90 degrees of exion 
and arm pouch was given. Minor correction was done if 
necessary after check x- ray. Patients were evaluated in the 
outpatient department after one week. After ruling out acute 
symptoms and swelling of arm prefabricated humeral cast 
brace was applied and fracture position was conrmed on 
check xrays. Varus or valgus and anterior or posterior 
angulation and shortening were measured and recorded. 
Collar and cuff sling was given.
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Bracing technique
The humeral brace consists of two plastic sleeves and two 
adjustable Velcro straps to hold the sleeves together. The 
sleeve extended medially from 2.5 cm below the axilla to 1.3 
cm above the medial epicondyle of the humerus. Laterally, it 
extended from a point just below the acromion to slightly 
above the lateral epicondyle. During application of the sleeve, 
minor correction in the aliment of the fragments was carried 
out. The shoulder and elbow joints were left free. It was 
ensured that the sleeve must allow a full range of motion of the 
shoulder and elbow. The Velcro straps permit removal of the 
splint for personal hygiene and for adjustment of the 
compression of the soft tissues as the edema subsides.

After applying the brace subsequently patients were followed 
in the outpatient department once a week for the rst four 
weeks after application of brace and then once a month until 
clinical and radiological union occurred, At each visit, patient 
was examined clinically and radiologically for the progress of 
union, to check the position of the fragments, overriding, 
angulation, rotation of the fragments and callus formation. 
Shoulder, elbow and nger movements were checked and 
emphasized on every visit.

The patients were advised to sleep in head-up position with 
the purpose of preventing varus deformity that might develop 
particularly in transverse fractures. Active elevation and 
abduction of shoulder was not allowed, since it could lead to 
angular deformity. Patients were also advised not to lean with 
the elbow resting on the arm of a chair or table or their lap as 
leaning on the elbow of a fractured extremity during the early 
stages of healing to might aggravate varus angulation. Such 
angulation is more likely to occur in transverse fractures.

The brace was to be worn at all times, except during bathing. 
Patients were advised for the pendulum exercises 
immediately after the application till the removal of brace 
after union The collar and cuff sling was taken ll for a few 
minutes several times a day to permit combined active and 
passive exercises of the elbow and to regain full extension of 
the joint. Patients were also taught how to adjust the brace and 
tighten the Velcro straps Several times a day to accommodate 
the changes in the girth of the extremity that occurs as the 
swelling subsided. 

Once full extension of the elbow was achieved, use of the 
collar and cuff sling was discontinued during walking but was 
used encouraged during recumbency. During the next four 
weeks, the frequency and intensity of exercises involving 
passive exion of the shoulder and active exion of the elbow 
was increased. Patients were instructed to perform active and 
passive extension of the wrist and ngers several times a day.
 
Follow Up 
After application of functional cast brace patients were 
followed up in out-patient department basis once a week for 
the rst four weeks and every four weeks subsequently till 
fracture united. After satisfactory clinical and radiographic 
healing, which generally occurred within eight to twelve weeks 
the brace was removed. After the removal of the brace, the 
functional evaluation of the limb was done with respect to the 
range of shoulder and elbow movements according to 
Hunter's criteria. Final varus-valgus angulation on 
anteroposterior radiograph, anteroposterior angulation on 
lateral radioqraph and Shortening was measured and 
recorded. Protocol of treatment for radial nerve palsy included 
splintage and observation. Dynamic Wrist drop splint was 
applied and continued in patients with radial nerve injury till it 
recovered.

29HUNTER`S criteria for functional evalution
G1: Complete absence of shoulder and elbow movements

G2: Lesser degree of movement and important impairment in 
daily activities

G3: Small impairment in daily activities because of restricted 
movement.

G4: Mild restriction in movement not effecting daily activities
G5: Full range of motion in shoulder and elbow.

The angulations i.e. varus or valgus and anterior or posterior 
and shortening recorded at the time of application of brace 
and after fracture union, and were compared.

RESULTS
A total of 44 patients were enrolled in the study. The mean age 
of the patient was 34.77 years with maximum patients 40(90%) 
were between 16 t0 45 years of age. The peak incidence of 
humeral fracture was between 31-45 year of age 24(54%) and 
higher in males 28(64%). RTA 24(54%) and fall from height 
17(39%) were the major causes of fracture with left humerus26 
(59%)involved more than right. Four out of 44 fractures in this 
study was associated with other skeletal injuries (2 were 
associated with head injuries, one with contralateral clavicle 
fracture and remaining one with contralateral elbow 
dislocation). The study revealed that all the patients except 2 
arrived within48 hours of injury. 32(72%) attended the hospital 
within 24 hours of injury.

Figure 1: Distribution of cases according to time of arrival to 
hospital after injury

Four fractures were associated with radial nerve injury, 2 
rdfractures each in middle 3 and distal third of humerus, (one 

spiral and one  oblique each ) fracture.

rdMajority of the fractures 24(55%) were in the middle 1/3  
rdfollowed by 12(27%) in the distal 1/3  and 8(18%) in the 

rdproximal 1/3 . Transverse fractures were common 17(39%) 
followed by 10(23%) comminuted, 9(20%) oblique and 8(18%) 
spiral. Transverse fractures were more on the middle third and 
comminuted fractures were more on the distal third.

Majority of the fractures 28(63.6%) belong to type A (Simple 
fracture) and 10(22.7%) belongs to type B (Wedge fracture) 
and another 8(18.8%) belongs to type C (Complex 
comminuted).

Majority of the patients 40(91%) had varus angulation ranging 
0from 4 to 16 . Four (9%) had valgus angulation ranging from 5 

0to 15 . After union, at the time of removal of brace, the mean 
varus and valgus angulation were decreased. Mean varus 

o oangulation was 7.05 (3-14 ) and mean valgus angulation was 
o o6.00  (4-9 ). Three nonunion fractures were excluded from the 

ostudy.22(50%) had anterior angulation ranging from 4-14 ; 
o20(45.4%) had posterior angulation ranging from 4-14 . Mean 

o oanterior and posterior angulation were 8.31  and 8.21  
respectively.

Forty one out of 44 patients had fracture union at 11.48±2.326 
weeks with minimum of 7 weeks and maximum of 18 weeks 

thexcept two who had delayed union occuring after 4  month. 
Spiral and oblique fractures united faster in comparison to 
transverse and comminuted fractures. The mean union time 
for type A fracture was 15.27 weeks, for type B 12.76 weeks 
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whereas type C complex fractures united within a meantime of 
14.43 weeks. Type I fractures united late than type II and III. 36 
patients had shortening of which (55.50%) patients had less 
than 0.5cm of shortening; 11(30.50%) had 0.51-1.00 cm of 
shortening. Mean shortening of 0.65±SD 0.904 cm was 
observed.

The most common lost range of motion was shoulder 
oabduction and external rotation. There was normal or ≥ 25  

restriction of abduction present in 93% of patients. Only 3 
opatients had more than 25  of restriction of abduction. 30 

patients had restriction of abduction. All 41 patients had less 
o o than 20  restriction of exion. Extension of less than 20

restriction was found in all patients. All 41 patients had less 
o othan 20  of internal rotation.One patient had more than 15  of 

restriction of elbow extension at the time of removal of brace 
o after full union. Majority of patients had less than 15 of 

restriction which was functionally acceptable.

Radial nerve recovery occurred in all patients. First sign of 
recovery was wrist dorsiexion which appeared with two 
patients in 6-10 weeks and in two in 11-15 weeks. Recovery of 
nger extension took in 16-20 weeks. All the four patients had 
recovery of normal (i.e grade 5 power) around 20 weeks.

In assessing the functions 10(24.40%) fractures had grade IV 
functions and 31(75.60%) fractures had V function. Rate of 
return to full function was fast in younger patients and slower 
and less complete in older. On subsequent follow ups most of 
the patients regained their full functions. 

Three (7.31%) fractures underwent nonunion. Among three 
nonunions two were comminuted and one was transverse and 
two of them were in middle third and one in distal third.

DISCUSSION
Concepts in the management of trauma in orthopedics are 
very rapidly changing to keep pace with increasing severity 
and complexities of the fractures. The management of 
humeral shaft fracture is always a challenging problem, as 
they are frequently associated with multiple injuries, leading 
to complications like shortening, malunion, infection, delayed 
union and nonunion.

The classical method of treatment of humeral shaft fractures 
has been the use of U plaster slab followed by functional 
bracing. Functional bracing has been widely accepted as the 
gold standard for treating humeral shaft fractures 
conservatively. Encouraging-results have been obtained with 
this method despite some residual angulation, malrotation, 
and limb length inequality. 

In our study,the mean age of the patient was 34.77 years. 
29 Ozkurt et al. in their study mentioned the mean age of 

patients to be 34 years which was similar to various studies 
done by the several authors.The mean age of the patient was 

rd thin between 3  to 5  decades of life in those studies.

Our study included 64% male and 36% female similar to the 
29,40,42study done by Ghadeer,Ozkurtet and Nasser et al.

In our observation of 44 cases of humeral diaphyseal 
fractures, 20 (45.4%) cases were involved in RTA and 
17(38.6%) had fall from height.  3 (6.8%) cases of humeral 
shaft fractures were from miscellaneous injuries like direct 
trauma to arm, throwing injuries similar to the study by Ozkurt 

29 42 43et al. Ghadeer et al.  and Faiz et al.  Non dominant arms 
were involved in 59% (26) i.e. the left side in right handed 
patients which was similar to other studies ranging from 57% - 

32,38,4061.5% of cases. 

29 37Comparable to the ndings of Ozkurtet al. , Rutgers et al.  

and Pehlivan et al 9 %(4) of patients had associated skeletal 
injuries.Considering time of arrival after injury, 93% (41) of the 
patients arrived within 48 hours of injury similar to other 
studies where about 91% of the patients arrived within 48 
hours of injury.

Radial nerve injury was encountered in 9% (4 cases) out of 
43 38cases while the studies by  Faiz et al.  ,Ekholam et al.  and 

35Koch et al.  found 6.6%, 6%, and 7.4% patients had radial 
nerve injury in their respective studies.

In our study 54.5%(24) fractures were in the middle third 
followed by 27.2% (12) in  distal third and 18.19% (8) fractures 

31in the proximal third of shaft. Dameron TB et al.  found in 100 
paients of humeral diaphyseal fracture 51% in middle 
third,23% in proximal third and 24% in distal third. Rosenberg 

36 37 40 41et al. ,Rutgers et al. ,Nasser et al. ,Kapil et al. ,Jitendra et 
45al.  and others authors have similar distribution pattern of 

humeral diaphyseal fractures.

According to AO classication of long bone fracture, 63.6% 
(28) were type A, 22.7% (10) were type B and 18.8%(8) were 

36type C. Rosenberg et al. ,in their study had 66%  type A, 26.7%  
38type B, 13.3% type C where asEkholm et al.  had  50%  type A, 

33%  type B and 17%  type C. 

In our study of 44 humeral diaphyseal fractures; at the time of 
application of brace varus angulation deformity ranging from 
5-17° ( 8.7°+/- 3.60 was present in 86.3%(38) of the cases while 
that of  Valgus angulation was 5-15° (8.00° +/- 4.00) in 9.09% 
(4) of the patients.  Anterior angulation of 5-14° (8.31° +/-3.35) 
was present in 22(50%) cases while posterior angulation of 4-

4112° (8.30°+/- 3.06) in 20(45.5%). In a study by Kapil et al.  88% 
had mean varus angulation of 8.65°, 6% had mean valgus 
angulation of 7.44°, 48%  had mean anterior angulation of 
5.24° and  47% had mean posterior angulation of 5.35°. 

After the fracture union in our study, 35 (85.3%) Patients had 
mean varusangulation  of 7.05+/- 2.78, 4(9.7%) had mean 
valgus angulation of 6.00°+/- 3.00, 21(50%) had mean anterior 
angulation of 6.85°+/-2.532 and 20(45.4%) had mean 

oposterior angulation of 7.15 +/- 2.63. In this study all the 
angulation deformities after application of brace either 
decreased or same as at the time of removal of brace similar to 

41 43 29the study byKapilet al. , Faizet al.  and Ozkurt et al.

Out of 44 patients 93.1%(41) united within 7-18 weeks with a 
45mean of 12.5 weeks. In study done by Jitendra et al.  ,Wallny T 

12 30 38et al.  ,Zagorski JB et al.  and Ekholam et al.  , the mean time 
of union was 10.3 weeks, 12.63 weeks, 10.6 weeks and 11.5 
weeks respectively  in more than 90% of cases. Similar to the 

43 30 41studies by Faiz et al. ,Sarmiento et al. and  Kapil et al. the 
mean time of union was 10.6 weeks of oblique fracture,10.8 
weeks for spiral fracture, 10.9 weeks for transverse fracture 
and 11.4 weeks for comminuted fractures. 

41 43According to Kapilet al.  and Faiz et al.  humeral diaphyseal 
fractures treated by nonoperative method had a mean 
shortening of 4.6mm while that in our study was 6.5mm

On evaluation of functional results of upper limb of these 41 
fractures united patients, 4.8% (2) had restriction of terminal 
range of abduction 25° and 2 had restriction of adduction in 
terminal range of more than 10°. Terminal range of extension 
restriction of less than 10° was present in 87.8% of the cases. 
Restriction of terminal range of internal rotation up to 10° was 
present in 97.5% (40) patients; External rotation restriction of 

41more than 15° was present in 7.3% (3) cases. Kapil et al.  on 
their nal evaluation of shoulder and elbow functions after 
union of humeral shaft fracture treated by functional cast 
brace found ≥25° restriction of shoulder abduction In 60% of 
patients, ≤25° restriction of adduction in 88.6% of the Patients, 
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≤25° restriction of shoulder exion in 65.7% of the Patients, 
≤25° restriction of extension in 91% of the patients. External 
rotation of normal or ≤25° restriction was present in 80% of the 
patients and internal rotation of normal or ≤25°. Restriction 

owas present in 88.7% of the patients. Normal or ≤10  
restriction of elbow exion and extension was present in 90% 

43of the patients. According to Faizet al.  the most frequently 
seen functional loses were restriction in shoulder abduction; 

oaverage 30  loss in 23% (three patients) and restriction in 
external rotation, 15° loss in one (6.7%) of the patients at the 
time of removal of functional brace after union. 

Similar to Rutgers et al , pehlivan and Kapil study extension of 
elbow joint as compared to uninjured side, 29 had elbow 

 o  oextension <10 . 23 had restriction of elbow exion of <10  and 
 o2 patients had >15  restriction whereas these restricted joint 

movement subsequently improved with physiotherapy as 
observed during follow up. 

Out of 41 cases of united fracture, shaft of humerus treated by 
cast brace 31(75.6%) had excellent (G5) results and 10(24.4%) 
had good (G4) results.Patients with excellent results had no 
complication and the range of movement was normal.Patients 
with good results initially had restriction of terminal degree of 
movements which recovered with physiotherapy similar to 

29,38,40previous studies. 

Closed humeral shaft fractures had radial nerve injury in 4 
cases. It was thought to be of type 1 injury according to 

53Sunderland's classication  and neuropraxia according 
54Seddon's classication . In all cases nerve recovered within 7 

weeks to six months. These ndings were similar to the studies 
30 41 43of Sarmiento et al. , Kapil et al.  and Faiz et al.

CONCLUSION
This study concluded that fractures shaft of humerus treated 
with a functional brace gave a high rate of union with excellent 
functional outcomes.

Recommendations
Ÿ Fractures shaft of humerus treated with a functional brace 

is a safe procedure.
Ÿ The procedure is technically simple, time saving and low 

cost.
Ÿ Regular follow up is recommended to prevent any 

complications.
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