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Abstract

Purpose: To evaluate union time and functional recovery of the
shoulder joint in humeral shaft fractures treated with intrame-
dullary nailing.

Material and Metheds: During the period 1990-2001, 43 pa-
tients with humeral shaft fractures were treated with intrame-
dullary nailing. 38 patients (21 males and 17 females, mean age
48 years) were available at the final follow-up evaluation after
21 months on average. In 25 patients the entry point was below
the greater tuberosity to avoid rotator cuff injury and in the other
18 patients the entry point was intra-articular. Passive shoulder
and elbow motion was allowed from the second postoperative
day followed by active assisted exercises from the second post-
operative week. Union progress was assessed radiologically at
2", 4t 8™ and 16" postoperative week whereas final shoulder
function was evaluated using the parameters of the Constant-
Murley scoring system.

Results: Solid callus formation was noted in all fractures, except
one, between the 8" and 35" postoperative week. Patients with
extra-articular application of the nail had full passive shoulder
motion between the 27 and the 4'" postoperative week whereas
patients with intra-articular application had delayed passive
shoulder motion and final functional limitation. Seven patients
had painful shoulder motion 3 months postoperatively. There
were 4 patients with transient radial nerve palsy, who demon-
strated full functional recovery after 3 to 6 months and 3 pa-
tients with proximally migration of the nail underwent reopera-
tion.

Conclusions: Intramedullary nailing in humeral shaft fractures
seems to be a reliable method of treatment regarding union
and functional recovery. Advantages are shorter operative time,
minor blood loss, small incision with shorter soft tissue de-

tachment and early mobilization of the shoulder, especially in
the patients with extra-articular nail application without rota-
tor cuff injury.
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Fractures of the shaft of the humerus account for approximately

3% of all fractures of the skeleton and are preferably treated non-

operatively, with a functional orthosis. Function of the upper ex-

tremity after closed treatment was not usually affected by as
much as 20 degrees of anterior angulation, 30 degrees of varus

angulation and 3 cm of shortening of the humeral shaft [12].

Since several reports [1, 21] have already shown the consistent

success of non-operative treatment, with resultant excellent

alignment, early restoration of joint motion and minimal mor-
bidity, closed treatment of humeral shaft fractures remains the
gold standard unless specific indications for operative interven-
tion exist. Open reduction and internal fixation of humeral shaft

fractures should be considered for [3, 5, 23]:

- Unacceptable alignment with conservative measures and in-
ability to maintain reduction due to obesity, intolerance of
orthosis, prolonged recumbency and specific fracture pat-
terns (segmental, comminuted, Holstein and Lewis spiral
type).

- Patients with multiple trauma.

- Bilateral fractures.

- Open fractures.

- Pathological fractures,
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- Ipsilateral associated injuries of the extremity (floating elbow
or shoulder).

- Spinal cord and brachial plexus injuries.

- Fractures associated with major vascular injuries.

- Progressive or new onset of a radial nerve palsy after the be-
ginning of non-operative treatment.

In these situations, the surgeon can choose from a variety of
methods including external fixation, compression plating and in-
tramedullary nailing,

In this paper a modification of the entry point of antegrade intra-
medullary nailing is presented. The indications for surgery, over-
all operative technique, postoperative rehabilitation, physiother-
apy protocol and final results are discussed also.

Material and Methods

During the last 10years (1990-2001), 43 of 97 patients with
humeral shaft fractures underwent antegrade, proximally
locked, intramedullary nailing in our Department. There were
21 male and 22 female, average age 48 years (range 17 to 82). A
case documentation form was used for peri-operative data, in-
cluding age, gender, mechanism of injury, type and location of
fracture according to AO/ASIF classification (Tables1,2 and 3).
There were 4 cases with preoperative radial nerve palsy who un-
derwent surgical exploration.

Patients were followed-up at 2 to 4 week intervals for the first
4months and at 1-year intervals thereafter. Fracture healing
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Table1 Type of initial injury

Type of injury No. of patie

fall ‘:_-_: ':":':::"..2-6 iRty

traffic accident 16

L B e i T e St
pathological fracture 5
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Table2 Type of fracture

Type of fracture (AO classification) No. of patients
A -t : 17
B 12
¢ eatie Sk ki 9
pathological 5

“

Table3 Location of the fracture

Location of fracture No: of patients
proximal Y 12
middle - * ; 22
digal - 9

was assessed clinically and radiologically. Radiological fracture
healing was defined as the presence of bridging callus and inde-
finiteness of the fracture line on normal antero-posterior and lat-
eral views. The Constant-Murley scoring system was used at the
last clinical assessment of shoulder motion. Mean follow-up
period was 21 months (ranged 6-120 months).

The indications for operative treatment were:

- 18 fractures with unsatisfactory reduction after closed treat-
ment,

- 16 fractures in multitrauma patients,

- 4 non-unions after closed treatment,

- 5 pathological fractures (due to metastatic or primary tumor).

Operative technique

a)Patient positioning and preparation: With the patient supine,
in the beach chair position, the head was turned to the contralat-
eral side to increase exposure of the shoulder. Rotational align-
ment was obtained by placing the shoulder in an anatomical po-
sition and rotating the distal fragment so that the arm and hand
were pointing toward the ceiling and the elbow was flexed at
90 degrees. Preparation and draping of the patient included the
operative field of the shoulder proximal to the nipple line, the
midline of the chest to the nape of the neck, and the entire extre-
mity to the fingers.

b) Approach and preparation of the humerus: A standard longi-
tudinal skin incision (3 to 5cm) from the most lateral point of
the acromion was used, centered over the tip of the greater tu-
berosity. Incision of the fascia, longitudinal splitting of the del-
toid and palpation of the greater tuberosity were the next steps.
With the small curved awl, the entry portal site was established
in two different ways: 1) next to rotator cuff insertion or intra-
articular (GroupA) and 2) 1 cm below the tip of greater tuberos-
ity (Group B) (Fig.1). Advancement of the curved awl was con-
firmed by image intensification. (The entry portal should be cen-
tered on anteroposterior and lateral views to ensure that the nail
will be in the midplane of the humerus.)

¢) Guide rod insertion: Withdrawal of the curved awl was fol-
lowed by the 2.4-mm, ball-tiped reamer guide rod insertion.

Fig.1  Modification of the entry point. The curved awl is inserted 1 cm
below the greater tuberosity to avoid rotator cuff damage.
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Bending of the tip of the guide rod facilitates reduction of the
fracture. The rod was advanced down to the medullary canal at
about ]‘to 2 cm proximal to the olecranon fossa and the correct

placement was confirmed by image intensification. In some
cases an open reduction at the site of the fracture was consid-

ered necessary for the insertion of the guide rod.

d) Determination of nail length: Properlnail length was verified
with the guide rod method: with the distal end of Fhe rod 1 to
2cm proximal to the olecranon fossa, a second guide rod wa.s
overlapped extending proximally ,fr?m G Rl a0y par-
tal. Subtracting the length (in m:lllmete‘rs} of. the overlapped
guide rod from 500 mm one can determine with accuracy the

correct length of the nail.

e)Limited proximal reaming: The proximal metaphysis of the
humerus was reamed to a diameter of 10mm, for approximate-
ly 4 cm, to enlarge the medullary canal.

f)Nail insertion: With the guide rod in place _the nail was ad-
vanced gently over it to the fracrure._Conﬁrmatmn of fract.ure re-
duction with image identification 15 alwas.fs necessa!‘y in this
step, followed by gently passing of _rhe nail to tl.le dlst.al frag-
ment and removal of the guide rod. Finally, th§ nail wa§ |mpac;-
ed 1 to 2 cm proximal to the olecranon fossa (Fig. 2). Thls impac-
tion of the nail in the narrow distal medullary canal is VEry im-
portant, provided that an accuraté measurement .nf qa:l length
has been made, so there is no need for distal locl.(mg in mqs‘t of
the cases. This impaction of the nail ensures rotational stability,

g) Proximal interlocking: The nail was I9cked Proxima]!y w.ith
one 4-mm locking screw, using the proximal drill guide, whufh
allowed adjustment of the screw angle to 20 dggrees to obtain
the best purchase in the cortical bone of the medial humeral me-

taphysis.

After treatment: A posterior plaster splint al.'ld cpl[ar—apd-cuffare
worn for 2 to 3 days. Passive range-of-mqnon_lqc!udlng pendu-
lum and assisted forward elevation exemses‘mmared from the
2" postoperative day until the 2 postoperative week, followed

Fig.2 Modification of the distal impaction of the nail. No distal inter-
-locl;ing is used. The nail is advanced 1 to 2 cm into the olecranon fossa

to ensure rotational stability.

by active assisted exercises (forward elevation and external rota-
tion) until the 4" postoperative week and finally active dynamic
shoulder motion and strengthening exercises until the 8" o
10™ postoperative week.

Results

Forty-three patients with humeral shaft fractures, underwent
antegrade, proximally locked, intramedullary nailing in our De-
partment the last 10 years (1990-2001). There were 21 male
and 22 female, average age 48 years (range 17 to 82 years). The
mean operative time (skin to skin) was 60 minutes (range 40-
95min) and the mean estimated intra-operative blood loss
0.4 units. In three patients the nail was applied without locking.
The other 40 patients underwent proximal locking of the nail.
Limited proximal reaming of the humerus shaft was considered
necessary in 24 cases, whereas in 16 cases an open reduction of
the fracture was unavoidable (Table4). Two different groups of
patients can be distinguished relative to the entry point of the
nail in the proximal humerus. In Group B (18 pts.) the nail was
inserted intra-articular (2 pts.) or near the rotator cuff insertion
medial to the great tuberosity (16 pts.). In GroupA (25 pts.)
there was a modification of nail insertion; 1 cm below the great
tuberosity avoiding rotator cuff damage. Distally locking was
performed in only one patient. Another modification was made
relative to the nail impaction at the olecranon fossa. After accu-
rate measurement of nail length, using the guide rod technique,
the nail was carefully impacted in all patients 1 to 2 cm into the
olecranon fossa, obtaining rotational stability of the fracture and
no need for distal locking. Four patients with preoperative radial
nerve palsy underwent nerve exploration at the time of fracture
fixation. In two cases entrapment of the nerve was found at the
fracture site. The postoperative rehabilitation protocol was mod-
ified with the use of special functional braces for radial nerve
palsies, preserving the wrist and fingers extension. Full nerve re-
covery was seen in all there patients within 3 to 6 months post
injury,

Thirty-eight patients were finally available for the outcome anal-
ysis. The mean follow-up period was 21 months, 5 patients were
lost from the last follow up evaluation (3 with pathological frac-
tures). Thirty-seven fractures (97 %) showed solid callus between
the 2™ to 4" postoperative month. Union was obtained from the
third postoperative month in 70% of the fractures (type B2, B3,
C1-C3) whereas delayed union until the 6'" postoperative

B o S ——

Table4 Details of the operative technique

Details of the operative technique No. of patients
locked nails 40
proximal 19
distal 1
unlocked nails 3
reamed 24
unreamed 19
open reduction 16
closed reduction 27

———
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month was seen in 2, A3 type fractures. The overall mean time of
union was 3.5 months (Figs. 3 and 4).

Complications included 3 proximal migrations of the nail, 1 intra-
operative supracondylar humerus fracture and 1 delayed union,
Two elderly patients with proximal migration of the nail due to

proximal interlocking screw loosening were treated with removal
of the nail in one case (Fig. 5) and revision of the proximal locking
and application of Sarmiento cast in the other. The third patient, in
whom migration was attributed to the inability of proximal lock-
ing at the first operation, was treated with revision of the nailing
at the 12" postoperative week. In the case with the supracondylar
fracture a Sarmiento cast was applied for 4 weeks whereas the
case with the delayed union underwent open reduction and inter-
nal fixation of the fracture with plate and screws,

Assessment of shoulder function, using the Constant-Murley
scoring system, was performed at the 2rd 4th gth 3nd 1gth post-
operative week, There was significant difference in shoulder
function between groupA and B (Table5). The patients in
group A (entry point below the greater tuberosity) showed excel-
lent shoulder function and only 6 patients had minor complaints
after the 16" postoperative week. On the other side, patients of
group B (entry point near the rotator cuff or intra-articular) had
significant pain problems of the shoulder and 4 of them demon-
strated clinical symptoms of subacromial impingement due to
proximal migration of the nail. Three of these cases, that are al-
ready mentioned above, underwent reoperation.

Discussion

Stable internal fixation of upper arm fractures enabling early ac-
tive functional treatment is enjoying growing popularity. The use
of external fixation in humeral shaft fractures should be restricted
to injuries with severe soft tissue compromise or loss [22, 24].

Compression plate fixation is considered as the gold standard for
humeral shaft fractures and can be performed for any of the sur-
gical indications, listed in the introduction of this paper. Before
intramedullary nails became widely used, plate fixation was the
only surgical option available. If the stabilization procedure is
performed properly, the rate of union is high and the rate of me-
chanical, infectious or neurovascular problems is low [2, 6, 18].

Fig.4 Union and full range of motion after
3.5 months postoperative.
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Fig.5 Proximal migration of the nail with clinical symptoms of im-
pingement syndrome of the shoulder. The patient underwent ex-
change intramedullary nailing.

m

Table5 Mean Constant-Murley score in the two groups

Time from operation Group B (25 pts.) Group A (18 pts.)
2nd week 86 (satisfactory) 79 (poor)
4th week 92 (satisfactory) 83 (satisfactory)
8th week 96 (excellent) 86 (satisfactory)
16th week 98 (excellent) 88 (satisfactory)

The reasons behind the lower popularity of compression plate
fixation during the last years include difficulties with the surgi-
cal exposure, the concern about radial nerve injury and technical
aspects of plating. :

Experience with non-interlocked intramedullary implants,
such as Ender nails or Rush pins showed that this technique is
possible and reasonable [8, 9, 13]. Intramedullary fixation for

humeral shaft fractures has gained popularity in recent years
for many reasons including improved image intensification, re-
latively percutaneous insertion techniques, the need for profi-
ciency in plate application and the overall good results with in-
tramedullary nails for fractures of the other long bones. In com-
parison with compression plate fixation, intramedullary nailing
surmounts to lesser operative time, no need of any external
support, reduced blood loss, low infection rate and early recov-
ery of function.

Literature reports of intramedullary nailing differed from great
enthusiasm to very strong criticism [13-17, 19, 20]. This crit-
ism was based on concerns regarding the type of the nail, the
insertion techniques, the inability to achieve rotational sta-
bility, migration of the nail and problems with shoulder func-
tion,

Several studies have directly compared the results between plate
fixation and antegrade intramedullary nailing showing a slightly
increased rate of complications associated with intramedullary
nailing primarily related to a substantial increase in functional
symptoms, such as shoulder pain and stiffness [4, 7]. Retrograde
insertion of the Russell-Taylor nail proved to be reliable, but dis-
advantages include the bulky targeting device, the solitary inter-
locking possibility proximally and distally, and the lack of inter-
fragmentary compression [10, 11].

In this retrospective clinical study, two major modifications in
the surgical technique of antegrade intramedullary nailing are
under consideration. The first is the entry point of the nailing;
1cm below the greater tuberosity to avoid rotator cuff damage
and the second is the distal impaction of the nail into the olecra-
non fossa, after accurate measurement of its length, to ensure ro-
tational stability.

Comparing our first cases (GroupA) in which an intra-articular
insertion of the nail had been done with the later ones
(GroupB) in which the extra-articular application of the nail
was selected, we ascertain similar union rates but significant dif-
ferences in shoulder motion, migration of the nail and final reha-
bilitation. Most of our complications concerning nail migration,
decreased shoulder motion and impingement syndrome were
noted in the first group.

We concluded that antegrade, proximally locked, intramedullary
nailing is a reliable method of treatment for humeral shaft frac-
tures, regarding union and functional recovery of the shoulder,
Advantages of this method are shorter operative time, reduced
blood loss, lower infection rate, smaller incision and surgical ap-
proach, minimal soft tissue detachment and early mobilization.
When an antegrade nailing is performed, an extra-articular in-
sertion of the nail at a lower entry point, preserving rotator cuff
tendons, should be selected. Accurate measurement of the nail
length and firm impaction of it at the olecranon fossa made dis-
tally interlocking unnecessary, decreasing significantly the over-
all operative time.
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