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Abstract: 
The surgical management of humeral diaphyseal fractures have different inherent draw backs owing to the complex 
anatomy, the unique biomechanical characteristics of the humerus which are often overlooked and characteristics of 
the arm and shoulder with their anatomical considerations also play a role. Antegrade intramedullary nailing in hu-
meral shaft fracture allows a stable fixation with satisfactory outcomes. The antegrade nailing is a better option in 
younger patients, and in humerus with moderately wide or wide medullary canals. This study has been performed on 
60 patients with humeral shaft fractures. The functional status of the shoulder is assessed post operatively at three 
months with Constant-Murley scores and the level of proximal tip of the intra medullary interlocking nail. 
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Introduction 

The humerus shaft fractures have been very common 
occurrence in a trauma setting. The humeral shaft 
fracture has been associated with comparable results 
with conservative and surgical managements based 
on location of the fracture. In fact, the surgical man-
agement has different inherent drawbacks owing to 
the complex anatomy, the unique biomechanical 
characteristics of the humerus which are often over-
looked and characteristics of the arm and shoulder 
with their anatomical considerations also play a role. 

Humerus being a non-weight-bearing bone can have 
limitations and or disadvantages due to no additional 
advantage with dynamization, dynamic fixation, dis-
advantage of non-unions, uneven intramedullary ca-
nal, access and entry points through rotator cuff. 

Shoulder impairment remains an important complica-
tion of intramedullary nailing. The procedure involv-
ing the splitting of supraspinatus tendon to expose 
humeral head for nail insertion has been attributed for 
it, even though it is followed by the repair of the ten-

don.[1] Patients in modern times have been more 
satisfied with faster union and quick return to prein-
jury activities while preserving the movements at 
nearby joints. [2,3].  

The other treatment modalities following humeral 
shaft fractures, like bracing or plating with prolonged 
immobilization in the pre-operative period can be 
considered to be the precipitating factor for limitation 
of movements.[4-8] The stiffness and discomfort of 
the shoulder joint are commonly encountered issues 
with these fractures, which are often complained irre-
spective of the method adopted for treatment.These 
symptoms take several weeks’ time and intensive 
physiotherapy for regaining movements. 

Relevant anatomical considerations about shoul-
der joint: 

The fibrous capsule of the shoulder joint is covered 
and supported by the tendons of supraspinatus supe-
riorly, infraspinatus and teres minor posteriorly, sub-
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scapularis anteriorly and by the long head of triceps 
inferiorly.  

The muscles which produce movements at the gleno-
humeral joint are principally deltoid, pectoralis ma-
jor, latissimus dorsi and teres major. These long mus-
cles converge on the humerus, acting as mechanical 
advantage on a joint which, as a result of glenoid 
shallowness and capsular laxity, is relatively unsta-
ble. The long muscles are counteracted by the rotator 
cuff, a group of short muscles (subscapularis, su-
praspinatus, infraspinatus and teres minor) which are 
attached nearer to the joint, and which centre the 
head of the humerus in the glenoid fossa through the 
midrange of motion, when the capsuloligamentous 
structures are lax. Flexion at the shoulder joint is 
produced by Pectoralis major (clavicular part), del-
toid (anterior fibres) and coracobrachialis assisted by 
biceps. The sternocostal part of pectoralis major is a 
major force in flexion forwards to the coronal plane 
from full extension. 

Extension at the shoulder joint is produced by Del-
toid (posterior fibres) and teres major, from the de-
pendent position. When the fully flexed arm is ex-
tended against resistance, latissimus dorsi and the 
sternocostal part of pectoralis major act powerfully 
until the arm reaches the coronal plane. 

Abduction is produced by Deltoid initially, its effect 
is mainly upward and, unless opposed, this would 
displace the humerus upwards. Subscapularis, in-
fraspinatus and teres minor exert downward traction 
and so apply an opposing force: together with deltoid 
they constitute a ‘couple' to produce abduction in the 
scapular plane. 

Internal rotation is produced by Pectoralis major, 
deltoid (anterior fibres), latissimus dorsi, teres major 
and, with the arm pendent, subscapularis. 

External rotation is produced by Infraspinatus, del-
toid (posterior fibres) and teres minor. Lateral rota-
tion is important for clearance of the greater tubercle 
and its associated tissues as it passes under the cora-
coacromial arch, as well as for relaxation of the cap-
sular ligamentous constraints. 

The subacromial space is bounded inferiorly by the 
humeral head, and superiorly by the anterior edge and 
inferior surface of the anterior third of the acromion, 
coracoacromial ligament and acromioclavicular joint, 
forming the coracoacromial arch. Impingement of the 
rotator cuff tendons on the undersurface of the cora-
cacromial arch can cause stiffness and painful 
movements. The cuff normally impinges against the 
coracoacromial arch when the humerus is abducted, 
flexed and internally rotated.  

There are many Vulnerable structures around the 
shoulder that could be injured during antegrade in-
tramedullary nailing include the axillary nerve, the 
circumflex artery, the long head of biceps, and the 
deltoid. These structures are usually injured by the 
proximal locking bolts, and modern targeting devices 
have not abolished this complication, A rotational 
error for proximal locking bolts can breach the bone 
and tendon in the bicipetal groove. [9-16]. All the 
possible injuries are in addition to the breech of supe-
rior joint capsule and supra spinatus tendon. The an-
tegrade nailing is a better option in Younger patients 
and in humerus with moderately wide or wide medul-
lary canals.[17] 

The antegrade procedure has been implicated for 
postoperative shoulder pain and stiffness, which are 
problems due to the intra-articular entry portal and 
the violation of the rotator cuff. Humerus, being a 
non-weight-bearing bone, can be immobilized inter-
nally without the widest/strongest nail. During ante-
grade humeral nailing, reaming could cause further 
injury to the rotator cuff after the incision is made 
and with the repeated usage and maneuvering for 
insertion and withdrawal of several sharp reamers. 
The sutured rotator cuff could act as a sealed enclo-
sure for the by-products of reaming and their accu-
mulation underneath may trigger congestion physi-
cally as well as with subsequent inflammation.  

After a failed conservative trial, the nailing cannot 
take advantage of fresh fracture hematoma. For all 
these reasons, intramedullary nailing of humeral shaft 
fractures should be performed sooner than later in 
order to take advantage of the fresh haematoma. Fur-
thermore, the rotator cuff could act as a filter for the 
by-products of reaming and their accumulation un-
derneath may play a role in the pathogenesis of prob-
lems that some patients experience postoperatively. 
The heat-induced and soft tissue injury, segmental 
necrosis can trigger several deleterious events post 
operatively.[18-20]  

The humerus fracture cannot be effectively dynam-
ized as humerus is not a weight bearing bone. For all 
these reasons, intramedullary nailing of humeral shaft 
fractures can be performed to allow rapid shoulder 
and elbow joint functional recovery and prompt re-
turn to work and activities. 

Our study is aimed at finding a possible correlation 
between the soft tissue injury caused in the procedure 
for fracture fixation of humeral shaft in the three 
fifths of diaphysis treated with a proximal entry for 
intra medullary nailing. 
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Materials and Methods 

This study has been performed on 60 patients with 
humeral shaft fractures treated in our institution be-
tween January 2022 to March 2023. The inclusion 
criteria for study are patients from 18 - 45 years of 
age presenting with simple, closed humeral shaft 
fractures with angular and linear deformities, with 
consecutive sampling technique: where in all patients 
presenting with humerus shaft fracture meeting the 
inclusion criteria in the study duration are included. 

Exclusion criteria for our study are patients with 
pathological fractures, open fractures, and with diag-
nosed preoperative rotator cuff lesions, limitation of 
movements at shoulder preoperatively, bruising 
around shoulder, associated ipsilateral fractures in the 
upper limb or with preoperative shoulder impairment 
were excluded. 

All these patients are initially evaluated for any life-
threatening injuries thoroughly. They are sufficiently 
stabilized and a pre anaesthetic checkup has been 
carried out to establish the safety in taking them up 
for surgical procedure. These patients are treated with 
closed manipulation and internal fixation with intra 
medullary nailing with interlocking nail with proxi-
mal entry point. Patients are positioned in supine 
posture with sufficient padding for the scapula and 
forearm on a side arm board. 

The skin is thoroughly scrubbed and drapped to give 
access to the skin from the shoulder to elbow joints. 
The humerus head is accessed with an insertion start-
ed with a 2-3 cm skin incision which is made from 
the anterolateral edge of the acromion obliquely for-
ward. In the subcutaneous plane and deltoid muscle 
are incised in line with the fibres to reach the sub-
acromial bursa and rotator cuff. The entry point of 
the nail is verified with an image intensifier. 

The rotator cuff is then incised in the direction of the 
supraspinatus tendon about 1.5 cm, as near as the 
musculotendinous portion to avoid injury to the su-
praspinatus footprint. A 2 mm K wire is passed after 
checking the rotation of the proximal fragment. An 
entry point thus marked is further extended in the 
medullary canal with bone awl later. A guide wire is 
passed through the proximal fracture fragment, 
through the fracture and into the distal fragment. The 
nail was inserted through the reduced fracture site 
and was fixed proximally and distally with self-
tapping cortical screws. 

The precautions are to avoid lateral entry points 
breaching the cuff and bone corresponding to the 
footprint of supra spinatus and to keep the nail size to 
be buried to cortical bone. The repair of the soft tis-
sues is meticulously done at the all the soft tissue 
layers that are incised.  

In the post operative period arm pouch is used for 
four weeks and elbow Range of Motion (ROM) has 
started from first post operative day. Shoulder pas-
sive and active assisted ROM were started from post-
operative day 10 after suture removal.  

Active shoulder exercises were started at four weeks 
and active resistance exercises were started at six 
weeks. Patients were followed-up at the intervals of 
six weeks, three months and six months post opera-
tively. Radiographs with Anteroposterior (AP) and 
lateral views were taken for six weeks and three 
months follow-up to assess union at the fracture site. 
The breach of rotator cuff tendon and lesions after 
humeral intra-medullary nailing are quite evident 
with technique as the entry point has to breach the 
joint capsule and rotator cuff as well.[21,22] 

The breach of rotator cuff is assessed in terms of 
functional status following recovery from the soft 
tissue injury by plotting against the level of the prox-
imal tip of the nail in relation to the length at the lev-
el of proximal end of the humerus in post operative 
radiographs. 

The deepest point of the slot at the tip of the inter-
locking nail used for the humerus measures to 4 mm 
from the tip. This length of the nail if seen as proud 
from the proximal cortical end of the humerus is ob-
viously in the sub acromial space. There are three 
possible situations either the nails is totally buried 
(B), or in line with proximal end of humerus (L) or 
protruding from the proximal end of the humerus(P). 

The functional status of the shoulder is assessed post 
operatively at third post operative month with Con-
stant-Murley scores. This score considers the Pain, 
Activity, Motion and Strength for assessment which 
totals up to 100. The Constant-Murley scores can 
assess shoulder disorders in general by combining 
subjective and objective measurements viz., pain (15 
points), activities of daily living (20 points), strength 
(25 points) and the range of motion (40 points).
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Figure 1: Levels of Proximal tip of IL Nail Humerus 

 
Results 

The study has analyzed the outcomes considering the 
Level of the proximal tip of the nails and Constant – 
Murley shoulder outcome score.  

Data is subjected to analysis using IBM SPSS version 
20 software (IBM SPSS, IBM Corp., Armonk, NY, 

USA). Descriptive statistics, Kolmogorov Smirnov 
test to check the normality of the data, one way anal-
ysis of variance with Tukey’s posthoc tests for multi-
ple pairwise comparisons were done to analyze the 
study data. Box and whisker plot was used for data 
presentation. 

 
Table 1: Comparison of mean Constant – Murley shoulder outcome score based on position of proximal tip of 

the IL nail 
Position N Mean Std.  

Deviation 
Std. 
Error 

95% Confidence Interval for 
Mean 

F value P value 

Lower Bound Upper Bound 
Buried (B) 19 89.00 3.416 0.784 87.35 90.65 11.15 <0.001* 
In line (L) 22 89.41 2.737 0.584 88.20 90.62 
Protruded (P) 19 83.58 6.203 1.423 80.59 86.57 

One way analysis of variance; p≤0.05 considered statistically significant; * denotes statistical significance. 
 

Table 2: Multiple pair wise comparisons of mean Constant – Murley shoulder outcome score based on posi-
tion of proximal tip of the IL nail 

Reference 
Position 

Comparison 
Position  

Mean Difference P value 95% Confidence Interval 
Lower Bound Upper Bound 

Buried In line -0.409 0.951 -3.66 2.84 
Protruded 5.421* <0.001* 2.05 8.79 

In line Buried 0.409 0.951 -2.84 3.66 
Protruded 5.830* <0.001* 2.58 9.08 

Tukey’s post hoc tests; * denotes significance. 
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Figure 2: Box and whisker plot showing comparison of mean Constant – Murley shoulder outcome score 

based on position of proximal tip of the IL nail 
 
There was significant difference in the Constant – 
Murley shoulder outcome score (CM score) based on 
the position of proximal tip of the IL nail (F=11.15; 
P<0.001*). It was observed that highest mean CM 
scores were observed when the nail is in line with the 
proximal cortical end of the humerus (89.41±2.73). 
Least mean CM score was noted in the group with 
protrusion of nail out of the proximal cortical end of 
the humerus (83.58±6.2). In post hoc analysis, it was 
noted that there was no significant difference be-
tween groups where the nail was buried or in line 
with the proximal cortical end; however, both these 
groups had significantly higher mean scores com-
pared to the group where the nail was protruded.  

Discussion 

There is a high incidence of asymptomatic rotator 
cuff tears in the general population which can be 
more significant than the controlled stab incisions 
made for accessing head of humerus to make an entry 
point.[23] The interlocking nail of humerus has an 
advantage of early mobilization and restoring func-
tional capacity especially in young patients to prevent 
loss of productive days. The results of this study sug-
gest that the antegrade humeral nailing provides an 
acceptable functional result on the operated shoulder. 

The impact of the procedure will be with less delete-
rious effects provided the soft tissues are gently han-
dled and hardware is used as per the space available 
for fixation. The procedure involving the splitting of 
supraspinatus tendon to expose the humeral head and 

for subsequent nail insertion need not be attributed to 
shoulder impairment even though it is followed by 
the repair of supraspinatus tendon provided the post 
operative mobility starts as soon as possible. The nail 
size to certain extent can influence when protruding 
into the sub acromial space. The incision on the supra 
spinatus is better placed as medial as possible in the 
musculotendinous junction and totally avoiding the 
footprint on the greater tuberosity of humerus. The 
rotation of the proximal fragment has to be taken into 
consideration to avoid too medial or too lateral entry 
points. The rotation of the external jig is better 
aligned with the forearm to avoid injury to the long 
head of Biceps in the bicipital groove. 

References 

1. Denard A, Richards JE, Obremskey WT, Tucker 
MC, Floyd M, Herzog GA. Outcome of nonop-
erative vs operative treatment of humeral shaft 
fractures: A retrospective study of 213 patients. 
Orthopedics. 2010;33(8). 

2. Sullivan R. The identity and work of the ancient 
Egyptian surgeon. J R Soc Med. 1996;89(8):467-
73. 

3. Huttunen TT, Kannus P, Lepola V, Pihlajamäki 
H, Mattila VM. Surgical treatment of humeral-
shaft fractures: A register-based study in Finland 
between 1987 and 2009. Injury. 2012; 
43(10):1704-08. 

4. Wallny T, Sagebiel C, Westerman K, Wagner 
UA, Reimer M. Comparative results of bracing 



International Journal of Pharmaceutical and Clinical Research                                   e-ISSN: 0975-1556, p-ISSN:2820-2643 

Babu et al.                                                       International Journal of Pharmaceutical and Clinical Research 

711  

and interlocking nailing in the treatment of hu-
meral shaft fractures. Int Orthop.1997; 21:374-9. 

5. Ekholm R, Tidermark J, Törnkvist H, Adami J, 
Ponzer S. Outcome after closed functional treat-
ment of humeral shaft fractures. J Orthop Trau-
ma.2006; 20:591-6. 

6. Flinkkilä T, Hyvönen P, Siira P, Hämäläinen M. 
Recovery of shoulder joint function after hu-
meral shaft fracture: a comparative study be-
tween antegrade intramedullary nailing and plate 
fixation. Arch Orthop Trauma Surg.2004; 
124:537-41. 

7. Rosenberg N, Soudry M. Shoulder impairment 
following treatment of diaphyseal fractures of 
humerus by functional brace. Arch Orthop 
Trauma Surg.2006; 126:437-40. 

8. Sarmiento A, Zagorski JB, Zych GA, Latta LL, 
Capps CA. Functional bracing for the treatment 
of fractures of the humeral diaphysis. J Bone 
Joint Surg Am.2000; 82:478-86. 

9. Bono CM, Grossman MG, Hochwald N, Tornet-
ta P 3rd. Radial and axillary nerves. Anatomic 
considerations for humeral fixation. Clin Ortho-
pRelat Res.2000; 373:259-64. 

10. Albritton MJ, Barnes CJ, Basamania CJ, Karas 
SG. Relationship of the axillary nerve to the 
proximal screws of a flexible humeral nail sys-
tem: an anatomic study. J Orthop Trauma.2003; 
17:411-4. 

11. Evans PD, Conboy VB, Evans EJ. The Seidel 
humeral locking nail: an anatomical study of the 
complications from locking screws. Injury.1993; 
24:175-6. 

12. Lin J, Hou SM, Inoue N, Chao EY, Hang YS. 
Anatomic considerations of locked humeral nail-
ing. Clin Orthop Relat Res 1999; 368:247-54. 

13. Lögters TT, Wild M, Windolf J, Linhart W. Ax-
illary nerve palsy after retrograding humeral 
nailing: clinical confirmation of an anatomical 
fear. Arch Orthop Trauma Surg.2008; 128:1431-
5. 

14. Prince EJ, Breien KM, Fehringer EV, Mormino 
MA. The relationship of proximal locking 

screws to the axillary nerve during antegrade 
humeral nail insertion of four commercially 
available implants. J Orthop Trauma.2004; 
18:585-8. 

15. Riemer BL, D’Ambrosia R. The risk of injury to 
the axillary nerve, artery, and vein from proximal 
locking screws of humeral interlocking nails. Or-
thopedics.1992; 15:697-9. 

16. Rowles DJ, McGrory JE. Percutaneous pinning 
of the proximal part of the humerus. J Bone Joint 
Surg.2001; 83:1695-9. 

17. Cheng HR, Lin J. Prospective randomized com-
parative study of antegrade and retrograde 
locked nailing for middle humeral shaft fracture. 
J Trauma.2008; 65:94-102. 

18. Remiger AR, Miclau T, Lindsey RW, Blatter G. 
Segmental avascularity of the humeral diaphysis 
after reamed intramedullary nailing. J Orthop 
Trauma.1997; 11:308-11. 

19. Ochsner PE, Baumgart F, Kohler G. Heat-
induced segmental necrosis after reaming of one 
humeral and two tibial fractures with a narrow 
medullary canal. Injury.1998; 29:1-10. 

20. Leyendecker AG, Nicolai P, Blakemore ME. 
Surgical emphysema formation during intrame-
dullary reaming of a humerus. Injury.2001; 
32:74-5. 

21. Verdano MA, Pellegrini A, Schiavi P, Somenzi 
L, Concari G, Ceccarelli F. Humeral shaft frac-
tures treated with antegrade intramedullary nail-
ing: what are the consequences for the rotator 
cuff? Int Orthop. 2013;37(10):2001–7. 

22. Gracitelli MEC, Malavolta EA, Assunc¸ ão JH, 
Matsumura BA, Kojima KE, FerreiraNeto AA. 
Ultrasound evaluation of the rotator cuff after os-
teosynthesis of proximal humeral fractures. 

23. Yamaguchi K, Sher JS, Andersen WK et al., 
Glenohumeral motion in patients with rotator 
cuff tears: a comparison of asymptomatic and 
symptomatic shoulders. J Shoulder Elbow Surg. 
2000; 9(1):6–11. 

 


