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Objective: We aimed to evaluate the objective and subjective outcomes of humerus shaft fractures 
treated with minimal invasive percutaneous plate osteosynthesis and emphasize points which may 
enhance clinical outcomes and simplify the procedure.
Methods: The retrospective study included 14 patients (mean age: 41.7 years; range: 19 to 66 years) 
with humerus mid-shaft fractures treated with the MIPPO technique between 2009 and 2011. 4.5-
mm locking plates were applied via an anterior approach and advanced antegradely (proximal to distal) 
to protect the integrity of the deltoid insertion. Fracture healing was evaluated using plain radiographs. 
Objective outcomes were assessed in terms of range of motion and subjective outcomes using the 
American Shoulder and Elbow Society (ASES), University of California, Los Angles (UCLA), Mayo 
Elbow Performance Index (MEPI) and The Disability of The Arm, Shoulder and Hand (DASH) 
scores.
Results: Satisfactory outcomes with successful union were obtained within a mean of 17.8 (range: 13 
to 30) months. While the average active forward flexion of shoulder was 163.9°±5.6°, the mean ab-
duction was 87.8°±3.77°. Mean elbow flexion and extension loss was 134.6°±41.16° and 3.9°±6.25°, 
respectively. Mean ASES and UCLA scores were 90.2±4.76 and 31.8±1.56 and mean MEPI and 
DASH score were 93.6±4.12 and 4.6±2.19, respectively.
Conclusion: Minimal invasive percutaneous plate osteosynthesis appears to be a successful technique 
for the treatment of humerus shaft fractures. The procedure may be simplified and outcomes improved 
by engaging the plate with the anterior surface of the humerus during advancement, antegrade ad-
vancement of the plate to protect deltoid insertion and using of a minimum of 6 cortices for each side 
of the fracture to provide stable fixation.
Key words: Fracture; humerus shaft; MIPPO.

Fractures of the humerus shaft account for approxi-
mately 3% of all fractures and represent 20% of all 
humeral fractures.[1] Primary causes of humerus shaft 

fractures include traffic accidents, falls or violent inju-
ries.[2] Although conservative treatment is considered 
the gold standard,[3-5] controversy still exists about the 
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ideal method of surgical fixation. Biologic fixation and 
minimally invasive surgery have become highly accepted 
alternatives in addition to conventional plating and in-
tramedullary and external fixation.[6]

Minimal invasive percutaneous plate osteosynthesis 
(MIPPO), primarily described for comminuted frac-
tures of the tibia and femur, has also gained popularity in 
the treatment of humerus shaft fractures.[7-11] MIPPO 
has the advantages of less soft tissue dissection, lower 
nonunion rates and low risk of iatrogenic radial nerve 
palsy, unlike open surgical procedures.[12] It allows earlier 
functional treatment and higher postoperative range of 
motion in adjacent joints.[13,14] Livani and Belangero[15] 
and Apivatthakakul et al.[12] investigated the feasibility 
of MIPPO via the anterior humeral approach in a cadav-
eric study and reported satisfactory results of 5 humeral 
shaft fractures treated by MIPPO in 4 patients. There is 
increasing evidence that MIPPO is superior to other fix-
ation techniques. However, despite the aforementioned 
advantages, the technique also involves serious difficul-
ties during application due to the proximity of neurovas-
cular structures and anatomic obstacles.

The aim of the study was to report the objective and 
subjective outcomes of humeral shaft fractures treated 
with MIPPO via an anterior approach and emphasize 
the points that may enhance clinical results and simplify 
the procedure.

Materials and methods
Institutional review board approval was obtained before 
the retrospective study was initiated. The study included 

14 humerus mid-shaft fractures of 13 patients (8 males 
and 5 females; mean age: 41.7 years; range: 19 to 66 
years) surgically treated using the MIPPO technique be-
tween February 2009 and August 2011. Open fractures, 
skeletally immature patients, pathological fractures and 
revision cases were excluded from the study. Multi-trau-
ma patients (7), failures after conservative treatment (5) 
and post-reduction radial nerve palsy (1) were included. 
Pre-injury shoulder and elbow range of motion were 
normal in all patients. Two patients had preoperative ra-
dial nerve palsy related to closed reduction and injury. 
Mechanisms of injury and classification of the fracture 
according to Orthopaedic Trauma Association (OTA) 
as well as other preoperative details are given in Table 1. 

All patients underwent the same surgical procedure 
in the supine position using a hand table with the upper 
arm in the neutral position and forearm in full supina-
tion. Image intensifier control was used to check visual-
ization of the shoulder as well as the entire humerus. Af-
ter obtaining the adequate alignment and length of the 
humerus (<20° anterior angulation, <30° varus/valgus 
angulation, <3 cm shortening) by manual traction, two 
small incisions were made 5 to 7 cm proximal and distal 
to the fracture site in the standard line of anterolateral 
humeral approach (Fig. 1a). Delto-bicipital interval was 
used to expose the proximal shaft of the humerus and 
identify the anterior part of the deltoid insertion. For the 
distal humeral approach, biceps-brachialis cleavage was 
improved and a blunt retractor was inserted through the 
brachialis muscle belly to protect the radial nerve. The 
radial nerve was not explored with the exception of one 
patient with post-reduction radial nerve palsy. A perios-

Table 1.	 Preoperative details of the patients.

	Patient#	 Sex	 Age (Years)	 Side	 Cause	 AO/OTA classification	 Concomitant injury

	 1	 Female	 64	 Right	 MVA	 12 C1.1	 None 

	 2	 Male	 58	 Right	 MVA	 12 A3.2	 Floating elbow (R)

	 3	 Female	 39	 Right	 MVA	 12 A3.2 (R)	 Clavicle fracture (R),

				    Left		  12 B2.2 (L)	 metacarpal fractures (R),

							       femur fracture (R), tibia fracture (L)

	 4	 Male	 55	 Right	 MVA	 12A1.2	 Post-reduction radial nerve palsy (R)

	 5	 Male	 19	 Right	 MVA	 12B2.3	 Forearm fracture (L), acetabulum fracture

	 6	 Male	 34	 Right	 MVA	 12B2.2	 Pelvis fracture, phalanx fracture (R Hand)

	 7	 Male	 19	 Right	 Fall	 12 A3.2	 Head injury, floating elbow radial nerve palsy (R)

	 8	 Male	 21	 Right	 MVA	 12A3.2	 Forearm compartment syndrome (R)

	 9	 Female	 35	 Left	 Fall	 12B3.3	 None

	 10	 Male	 42	 Right	 MVA	 12A3.2	 None

	 11	 Female	 36	 Right	 Fall	 12 B2.2	 None

	 12	 Female	 66	 Right	 MVA	 12A3.2	 Distal radius fracture (L)

	 13	 Male	 55	 Left	 MVA	 12 C1.1	 None

L: Left; MVA: Motor vehicle accident; R: Right.
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teal elevator was inserted distally to proximally to create 
an anterior extraperiosteal tunnel between the brachialis 
muscle and humerus. Finally, a straight 4.5-mm lock-
ing compression plate (Synthes® 4.5 mm Narrow LCP 
Plate; Synthes Holding AG, Solothurn, Switzerland) 
was advanced antegradely through the submuscular tun-
nel in order to protect the anterior insertion of the del-
toid muscle, which may cause functional weakness and 
avulsions (Fig. 1b).[16] No external fixation was used for 
preliminary reduction, as described in previous studies.
[17,18] A threaded drill guide was used as a handle to help 
position the plate (Fig. 1c). A minimum of three screws 
penetrating six cortices were inserted in each of the main 
fracture fragment. All screws were inserted using a sleeve 
protection assembly and a drill guide to protect the neu-
rovascular structures. In order not to penetrate the radial 
nerve in the groove posteriorly, single cortex screws were 
used in the mid-shaft of the humerus. 

Patients were discharged with a sling 48 to 72 hours 
after surgery. Passive elbow and shoulder mobilization 
was permitted as tolerated. The sling and stitches were 
removed 10 to 14 days postoperatively. Patients were 
followed-up at four-week intervals for the first three 
months. Active motion with light resistance was start-
ed after 4 weeks, as early callus was detected as an evi-
dence of bony union. Clinical and radiologic evaluation 

was performed and range of motion of the shoulders 
and elbows were recorded to determine the objective 
outcomes. The American Shoulder and Elbow Society 
(ASES), University of California, Los Angles (UCLA), 
Mayo Elbow Performance Index (MEPI) and The Dis-
ability of the Arm, Shoulder and Hand (DASH) scores 
were obtained from all patients at the time of their last 
clinic visit.

Results
Average time from injury to surgery was 6.4 (range: 1 to 
14) days. All patients were followed up for a mean of 17.8 
(range: 13 to 30) months. The mean healing time of the 
fractures was 13.8 (range: 10 to 20) weeks. Average ac-
tive forward flexion of the shoulder was 163.9°±5.6° and 
mean abduction was 87.8°±3.77°. Mean elbow flexion 
and extension loss was 134.6°±41.16° and 3.9°±6.25°, 
respectively. Mean ASES score was 90.2±4.76. Mean 
UCLA score was 31.8±1.56 (11 good and 3 excellent), 
MEPI 93.6±4.12 (1 good and 13 excellent) and DASH 
score 4.6±2.19 (Table 2).

In all cases, acceptable alignments were maintained 
by reducing the main fragments. All fractures had suc-
cessful union without deep infection or wound compli-
cation (Fig. 2). Two patients had superficial wound infec-
tions which were controlled with antibiotic therapy. One 

Fig. 1.	 (a) Proximal and distal incisions for MIPPO. (b) The brachialis muscle covering distal half of the anterior humeral 
surface, through which the plate is advanced and the detached anterior deltoid insertion (white arrow), to facilitate 
both plate advancement and positioning. (Cadaver dissection). (c) The threaded drill guide is engaged to the lock-
ing plate to help positioning. [Color figure can be viewed in the online issue, which is available at www.aott.org.tr]

(a) (b)

(c)



patient had transient radial nerve palsy due to surgery 
which fully recovered spontaneously within 6 months. 
Injury-related preoperative palsies resolved totally in 9 
months. Complete recovery was observed in final follow-
up of the two patients who experienced preoperative ra-
dial nerve palsy.

Discussion

While the majority of humerus shaft fractures are suc-
cessfully treated by conservative methods,[3,4] contro-
versy regarding the ideal option of surgical fixation re-
mains. The patient’s clinical condition and activity level, 
fracture type and localization and the surgeon’s experi-
ence are important determinants in deciding the most 
suitable alternative. Minimal invasive methods gained 

popularity with bridging plate osteosynthesis in the last 
decade. However, few studies have reported on humerus 
fractures. In 2004, Livani and Belangero concluded that 
MIPPO is a feasible, safe and efficient method with no 
major complications in the treatment of humerus shaft 
fractures.[15] Better results have also been reported with 
MIPPO compared to the conventional surgical tech-
niques in terms of providing a shorter recovery time by 
early stabilization with minimal soft tissue damage.[13] 
Aksu et al. reported early return of function in adjacent 
joints to the fracture site and reduced fracture healing 
time after MIPPO in humerus fractures.[19] However, 
further clinical studies are needed to state the proven 
benefits of MIPPO in the treatment of humerus shaft 
fractures. In the present study, remarkable improvement 
in both objective and subjective measures was observed 

Fig. 2.	 (a) Motor vehicle accident; 19-year-old male patient with right floating elbow and radial nerve palsy. (b) Postopera-
tive radiographs showing bone union at 4 months. (c) Functional results after fracture healing. [Color figure can be 
viewed in the online issue, which is available at www.aott.org.tr]

(a)

(c)

(b)
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in the affected limbs at the final follow-up, with the 
exception of one patient with floating elbow. Despite 
the lack of a control group, we believe that the good 
results were related to the deltoid sparing approach, 
particularly in terms of shoulder function.

Although the MIPPO technique has many ad-
vantages, there is a general reluctance due to the con-
cerns about neurovascular injury. Poor neurovascular 
monitorization, prolonged fluoroscopy time, difficul-
ties in maintaining reduction and anatomic obstacles 
encountered during the advancement of the plate are 
factors complicating the procedure. Some cadaveric 
and clinical studies have been published on the prox-
imity of the nerve and plate. Apivatthakakul et al. de-
scribed the application of a percutaneous plate on the 
anterior surface of the humerus without the need of 
radial nerve exploration.[20] Ji et al. emphasized that 
MIPPO through lateral approach is safe and feasible 
in the treatment of humeral shaft fractures.[14] Regard-
ing the close relation between the musculocutaneous 
nerve and the anterior compartment of the arm, Gard-
ner et al.[21] described the danger zones for muscu-
locutaneous nerve in MIPPO of the humerus. They 
advised surgeons to make a longer skin incision and 
use an open approach to protect the musculocutane-
ous nerve during screw insertion. In our opinion, the 
radial nerve palsy observed in this study was due to 
over tightening of the nerve by a penetrating retrac-
tor (Hohmann retractor). Therefore, the use of this 
retractor was avoided and no other neurologic com-
plication was seen.

Anatomical obstacles, which may interfere with 
the clinical outcomes, must be considered as well as 
neurovascular structures. It is well documented that 
disruption of the deltoid insertion is a serious prob-
lem, which often causes functional impairment.[16] 
Preserving or reattaching the deltoid insertion has 
been highlighted in various studies.[22,23] Our previous 
research experience in minimal invasive plating of the 
anterior humeral surface on 12 cadavers and the pre-
sented clinical study revealed that the anterior deltoid 
insertion is the main anatomical obstacles on the an-
terior humeral surface (Fig. 2). It was also noted that 
the release of more than 20% of the anterior deltoid 
insertion may compromise deltoid muscle function.
[16] Considering our previous anatomical research and 
the literature, we recommend antegrade advancement 
with the deltoid sparing approach in order to protect 
deltoid function. 

In addition to the high risk of neurovascular injury, 
the difficulty in providing an ‘optimal working length’ Ta
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can be considered a limitation of this technique.[24] 
However, we did not observe any failure due to the use 
of a shorter plate than recommended. This was contrib-
uted to the adequate implantation technique and screw 
placement (at least 6 cortices on each side), immediate 
rehabilitation and patients’ orientation.

The relatively small number of patients and the ab-
sence of a comparison group is a possible limitation of 
this study. Therefore, further studies are necessary to 
compare minimal invasive osteosynthesis with alterna-
tive approaches to clarify the potential benefits of this 
technique.

In conclusion, MIPPO appears to be a promising and 
safe treatment alternative for humeral shaft fractures. In 
the application of the technique, the right intermuscu-
lar cleavage should be used and the plate engaged over 
the anterior surface keeping in touch with the bone dur-
ing advancement, antegrade advancement of the plate is 
recommended to protect deltoid insertion and a mini-
mum of six cortices per each side of the fracture should 
be applied to provide stable fixation. Consideration of 
the anatomical obstacles and soft tissue enhances the 
surgeon’s ability to obtain adequate osteosynthesis with 
less compromise. Further clinical studies are needed to 
improve the technique.

Conflicts of Interest: No conflicts declared.
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