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Multifocal Humeral Fractures: Clinical Results, Functional 
Outcomes and Flowchart of Surgical Treatment
Michelangelo Scaglione1, Francesco Casella2, Edoardo Ipponi3 , Federico Agretti4, Simone Polloni5, Michele Giuntoli6 , 
Stefano Marchetti7

Ab s t r Ac t
Aim and objective: Multifocal fractures of the humerus are rare. The aim of our study is to evaluate the effectiveness of surgical treatment and 
propose a modification to the Maresca–Pascarella classification. A flowchart for surgical treatment is provided.
Materials and methods: Thirty-one patients with multifocal humeral fractures were treated and evaluated. The Maresca–Pascarella classification 
was used. All were treated using with either plates and screws, external fixation or intramedullary nailing. Functional outcomes were evaluated 
using the QuickDASH test, the University of California – Los Angeles (UCLA) shoulder score and the Mayo elbow performance score (MEPS).
Results: There were 12 Type A, 17 Type B, 1 Type C and 1 of combined fractures of the proximal and distal epiphysis. Of the 31 patients, 5 were 
lost to the follow-up (FU), 1 died of pulmonary embolism (PE) and the remaining 25 had a mean FU of 19.8 (7–35) months. Three patients had 
radial nerve damage and 1 went to a non-union that required further surgical intervention. The mean QuickDASH score was 15.7, the average 
UCLA shoulder score was 26.3 and the mean MEPS elbow score resulted to be 83.0.
Conclusion: Although multifocal fractures are severe injuries, patients are able to recover good functionality if treated judiciously.
Clinical significance: We proposed a standardised surgical approach based on the fracture characteristics, site and a modified Maresca–Pascarella 
classification.
Keywords: Bone screws, Elbow, External fixators, Fracture fixation, Humeral fractures, Intramedullary, Segmental, Shoulder.
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In t r o d u c t I o n
Humeral fractures are common and account for 7–8% of all fractures 
in general population.1 Data from the United States of America show 
the proximal humerus is most affected with an annual incidence of 
60 in 100,000 persons per year. A significant correlation is present 
with advancing age; after the age of 45 years, the risk rises until 
a peak around the age of 85 years. Distal humeral fractures have 
a lower incidence at 40 in 100,000 persons per year, involving 
children under 15 years of age mainly. The humeral shaft is the 
least frequently involved, with an incidence of about 20 persons 
in 100,000 per year and has no age peak.2

Nearly 90% of all humeral fractures occur after a fall; less 
common mechanisms of injury are motor vehicle accidents. These 
fractures have significant impact on patients’ autonomy and quality 
of life, even becoming life-threating injuries in the elderly.3–5 
Accurate diagnosis and appropriate treatment are mandatory 
to restore local anatomy and upper limb functionality. While 
the available classifications and treatments remain controversial 
and debated,6,7 the literature provides some evidence for the 
management of fractures involving single segments of the 
humerus.8–15 However, there is a paucity of studies on multifocal or 
segmental humeral fractures. These uncommon injuries, less than 
1% of all humeral fractures, still lack a comprehensive classification 
and treatment consensus. The AO classification does not subclassify 
multifocal fractures involving different sites of the same bone since 
the system is limited to a single segment subcategorization.

In 2014, Maresca et al.15 proposed a classification for multifocal 
fractures with subdivisions within to guide surgeons in choosing 

the most suitable treatment for each patient. The classification of 
these multifocal fractures includes the following: Type A if they 
affect proximal humerus and humeral shaft; Type B if the injury is 
limited to the shaft; and Type C if the involved segments are humeral 
diaphysis and distal epiphysis. Type A fractures can be further 
divided into three subgroups: A1 with humeral shaft displacement 
but an undisplaced proximal humerus; A2 with proximal humerus 
and shaft displacement and A3 for multifragmentary fractures that 
extend from proximal humerus to the shaft (Fig. 1).

Suitable approaches for surgical treatment of multifocal 
humeral fractures are external fixation, intramedullary nailing and 
plate fixation with each one having advantages and disadvantages. 
The optimal choice, with due consideration for the patient’s 
anatomical and global clinical picture, prompts the need for a 
treatment algorithm which is not available to this date.
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The aim of our study is to review the results from our own work 
on these fractures and to propose slight changes to the classification 
made by Maresca et al. to befit an algorithm for surgical treatment.

MAt e r I A l s A n d Me t h o d s
This single-centre retrospective study was ethical committee 
approved and has been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and its later 
amendments. All patients gave written consent.

Between March 2016 and March 2020, a total of 425 patients 
were treated surgically for humeral fractures, 31 (7.3%) of which 
were multifocal. Of these 31 patients, 9 patients were males and 
22 were females, and the sample had an average age at surgery of 
64 (21–90) years. The fractures were caused by an accidental fall 
in 22 patients as follows: in 13 patients, the fall was from a height 
lower than 2 m whereas in the remaining 9 patients, the patient fell 
from more or 2 m. Six patients were from a motor vehicle collision, 
two patients suffered a sport injury and one patient was hit by a 
wild animal. All patients had pre-operative X-rays to diagnose and 
evaluate the fracture morphology, whereas postoperative X-rays 
were used to verify the surgical reduction of bone fragments and 
placement of fixation devices.

The medical records indicated that three patients had overt 
osteoporosis, three patients with diabetes, one patient had a grade II  
chronic kidney disease and one patient had cirrhosis of the liver.

The 31 patients were categorised according to the Maresca 
classification before surgery as follows: 7 patients (22.6%) were 
of Type A1 fracture, 3 patients (9.7%) were of Type A2 fracture,  
2 patients (6.4%) were of Type A3 fracture, 17 (54.8%) were of Type B  
fracture and only 1 (3.2%) was classified as Type C fracture. One 
fracture did not fit the classification by Maresca et al. due to the 
combination of fractures involving proximal and distal humerus. 
One patient (of Type A1 fracture) had an open fracture and another 
patient was diagnosed to have a radial nerve lesion from the injury.

Of the seven patients of Type A1 fracture, five patients were 
treated with intramedullary nails (Fig. 2). The other two patients 
were treated with external fixators because one was an open 
fracture and the other owing to the presence of a haematoma 
close to the radial nerve which was first discovered by ultrasound 
and then confirmed using a CT angiography. This diagnosis of 

the haematoma prompted a less invasive intervention with the 
plan to drain the collection at a second stage. Five days after 
humeral external fixation, an open drainage of the haematoma 
was carried out to decompress the nerve; at surgery, we noted 
the organised hematoma was compressing the radial nerve which 
was intact despite the pressure. This intervention was successful 
and no permanent neurological damage remained. The three 
patients of Type A2 fracture were treated with different fixation 
devices: one angle-stable plate and screw implant, one with an 
intramedullary nail and the third with external fixation. Both two 
patients of Type A3 fracture were treated with plate and screw 
fixation. The 17 patients with Type B fracture had the following 
surgeries: 10 intramedullary nailing, 4 external fixation and 3 
fixations with plates and screws. The Type C fracture was treated 
with two plates to achieve better structural stability. The fracture 
that was not classified, due to the combination of proximal and 
distal humeral fractures, had external fixation applied to heal the 
proximal fracture component and fixation with plates and crews 
to stabilise the distal epiphysis. Summarising, 16 (51.6%) patients 
were treated with intramedullary nails, 7 (22.6%) patients with 
plates and screws, 7 (22.6%) patients with external fixation and 1 

Fig. 1: Maresca–Pascarella classification of multifocal humeral fractures

Fig. 2: A patient of A1 fracture, according to the Maresca–Pascarella 
classification, treated with an endomedullary nail
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(3.2%) with a combination of external fixation and plate fixation. 
Open fractures of degree III A, B or C according to the Gustilo 
Anderson classification16 were treated with external fixation in 
accordance with the current principles of surgical management 
for open fractures, regardless of the fracture pattern.

After surgery, the shoulder and elbow were immobilised for 
2 weeks. Passive mobilization of the shoulder and elbow was 
encouraged for the next 2 weeks. One month after surgery, patients 
were allowed to start active mobilization gradually with a functional 
restoration schedule adapted to the individual.

Postoperative FU consisted of periodic outpatient visits with 
X-rays and clinical evaluations to assess bone and soft tissue healing 
alongside restoration of upper limb mobility and function. Each 
patient underwent clinical and radiographical evaluation at 30, 
60 and 120 days from surgery, regardless the surgical approach 
undertaken. After 4 months, the frequency of outpatient visits was 
further reduced to every 4–6 months for the next 3 years; thereafter, 
on a yearly basis. Eventual additional visits were scheduled 
depending on the needs of the patient. External fixators were 
removed around 2–3 months after the first intervention when the 
radiographic images suggested a good amount of bone healing 
had been achieved; before removal, stressing the fracture site under 
X-ray control was performed to confirm union stability.

The functional outcomes were recorded at the latest FU using 
the Quick DASH test, the UCLA shoulder score and the MEPS elbow 
score.

re s u lts

The results are reported for 26 patients. Five patients were lost at 
last FU. The remaining 26 patients had a mean FU of 19.8 (7–35) 
months. Postoperative results for all 31 patients are presented 
in Table 1. One patient died of PE in less than 1 month after 
the surgery. Among the remaining 25 patients, 24 patients had 
successful bone healing without further surgical intervention with 
a mean union time of 3.3 (2–6) months. One patient, a 46-year-
old male with a Type C fracture treated with plates and screws, 
developed a non-union. Infection was excluded with normal 
values from serological tests and the absence of clinical signs of 
inflammation. Revision surgery was performed 6 months after 
the index procedure and this consisted of removal of the prior 
fixation devices and the implantation of two new plates. This 
patient sustained persistent radial nerve damage that limited the 
final functional outcome. Radial nerve palsy was reported in the 
following two other patients: A 48-year-old female patient with 
a Type B fracture that was treated with plates and screws and 
a 64-year-old female with a Type A1 fracture who had external 
fixation. This latter patient developed a large hematoma that 
surrounded and compressed the radial nerve over the middle 
third of the arm and required surgical drainage 5 days after the 
first orthopaedic intervention. None of the patients developed 
deep or superficial infections of the involved anatomical site nor 
wound dehiscence.

The functional results were: the mean QuickDASH score 
was 15.7 (0–40.9); the average UCLA shoulder score was 27.0 
(15–35); and the mean MEPS elbow score was 83.0 (40–100). 
These functional results are tabulated in Table 1. Patients with 
Type A fractures had mean QuickDASH, UCLA shoulder and MEPS 
elbow scores, 10.3, 29.0 and 91.4, respectively. Patients with Type 
B fractures had slightly worse outcomes (Quick DASH score 16.4, 

UCLA shoulder score 25.7, MEPS elbow score 81.7). In particular, 
patients with Type A fractures were more likely to have good 
or excellent elbow functionality (MEPS scores 75 or higher) in 
comparison to the rest of the sample (91% against 64%), although 
this did not reach statistical significance (p = 0.180).

The patient with Type C fracture had poor QuickDASH (40.9), 
UCLA (15) and MEPS scores (50), confirming the influence of the 
associated radial nerve palsy and non-union with need for revision 
surgery. The 67-year-old man who had a combination of proximal 
and distal humerus fractures had similar functional outcomes, 
despite the absence of major local complications or reinterventions.

Using the Fisher exact test, we could demonstrate that the 
patients with local complications and chronic radial nerve damage 
had a significantly higher risk of poor UCLA shoulder scores (20 
or lower in 2 of 3 patients) as compared to the others (p = 0.029). 
Similarly, these same patients were less likely to have good or 
excellent postoperative elbow functionality (MEPS-ES >75) as 
compared to the remaining patients (p = 0.009).

There was no correlation between patients’ age at surgery and 
functional outcomes (QuickDASH, UCLA-SS and MEPS-ES). In this 
sample, the UCLA shoulder scores and the MEPS scores, which are 
meant to evaluate the functional outcome of a single articulation, 
had a strong negative correlation with the QuickDASH values, 
which is used to evaluate the upper limb as a whole (Pearson’s 
R values: –0.77, –0.94; p <0.001). Statistical analysis also showed 
a significant positive correlation between UCLA-SS and MEPS-ES 
(Pearson’s R value: 0.90; p <0.001), confirming a strong association 
between postoperative shoulder and elbow function in patients 
with multifocal fractures of the humerus.

The functional results and complication rates of patients with 
osteoporosis or diabetes did not significantly differ from the rest 
of the sample although the small size would not allow meaningful 
analysis.

dI s c u s s I o n
Multifocal (segmental) humeral fractures are uncommon injuries 
and the number of studies reporting the incidence is limited. 
According to McQueen and Broadbent,17 these represent only 
0.1% of all fractures involving the upper limb. In 2014, Pascarella 
and Maresca15 reported multifocal fractures in 4.8% of 717 patients 
of humeral fractures that required surgery. In the same year, 
Zambrosky et al.18 reported on 278 humeral fractures of which 11 
(3.9%) were multifocal. Our sample showed that 7.3% of the 425 
humeral fractures that required surgical treatment were bifocal 
or multifocal, this incidence is higher than the ones previously 
published. There was a higher incidence of multifocal fractures 
in female patients (22 of 31) with an average age at surgery of 63 
years, this being comparable to that in the literature. With a growing 
ageing population, it is reasonable to think that the incidence of 
multifocal humeral fractures will increase.

The AO and OTA fracture classifications do not separate 
multifocal humeral fractures from others. Complex humeral shaft 
fractures are described as 12C while variations in this group are not 
determined. To overcome this limitation, Pascarella and Maresca 
proposed a classification that divides multifocal fractures in Types 
A1, A2, A3, B and C.15 This designation had been established and 
was used to catalogue the patients in this study although one 
fracture could not be accounted for using the criteria proposed in 
this 2014 . Another limitation from the Maresca and Pascarella study 
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is that suggested surgical approaches to each fracture type was 
not made. This study has identified that the classification proposed 
can be usefully expanded (Fig. 3) and we introduce a flowchart of 
suggested treatment to the various types (Fig. 4).

Type A multifocal fractures include the proximal and the 
humeral shaft. In both Maresca’s and Zambrosky’s reports, these 
are the most common fracture type although in this series were less 
common than Type B (38.7%). Maresca and Pascarella used plate 

Fig. 3: Our modified Maresca–Pascarella classification for multifocal humeral fractures, with the addition of a Type D

Fig. 4: Our flowchart for surgical treatment of multifocal humeral fractures
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internal fixation for all closed Type A multifocal fractures. Plate 
internal fixation provides good fracture stabilization and allows 
preservation of the rotator cuff. Conversely, a wide exposure of the 
fracture area may increase adding to the soft tissue damage, risk 
of infection and wound problems. Fixation with an intramedullary 
nail is an attractive alternative due to minimal access incisions 
required for the implantation. Yin et al.19 and Dai et al.20 described 
both nail and plate fixation as reliable for humeral fractures but 
showed a higher incidence of radial nerve palsy in patients treated 
with plates and greater subacromial impingement for those who 
underwent nail fixation. In our sample, none of our patients 
developed impingement syndrome there was no correlation 
between surgical fixation and nerve damage. In light of these 
considerations, we suggest selecting different surgical approaches 
depending on the fracture location and the patients’ functional 
demands. Internal fixation with plates and screws are preferred 
in articular Type A fractures and non-articular Type A fractures in 
patients with high functional demands whereas intramedullary 
nailing may be chosen for low demand elderly individuals with 
extra-articular Type A fractures. The study sample had with good 
functional outcomes from QuickDASH, UCLA and MEPS mean 
scores with either the use of plates or nails. In case of comminuted 
fractures of the humeral head, which would deter both internal and 
external fixation, prosthetic replacement of the proximal humerus 
with endoprosthetic implants or reverse shoulder arthroplasty 
should be taken into consideration.

Type B multifocal fractures involve humeral shaft alone. 
Resulting from high energy trauma, these fractures were the most 
frequent subclass in this study. Fixation with intramedullary nails 
provide good surgical and functional outcomes in patients with 
transversal, oblique or spiral fractures and we suggest this as first 
line treatment. Multifragmentary fractures of the humeral shaft may 
get better fixation from plates and screws as evidenced by several 
reports in the literature.21–24

Type C multifocal fractures involve both humeral diaphysis 
and distal epiphysis. We recommend different surgical approaches 
based on fracture location. As with Type A fractures, fixation with 
plates and screws should be used to treat articular fractures, 
extending the same technique to those extra-articular fractures 
that involve metaphysis and the distal segment of humeral shaft. 
Following the same criteria used for Types B and C extra-articular 
fractures located in the proximal segment of the humeral shaft 
could benefit more from treatment with intramedullary nail and 
(if necessary) K-wires or screws to supplement the distal fixation.

One patient presented a combination of proximal and distal 
humeral fractures that did not fit into the categories proposed by 
Maresca and Pascarella. For this reason, we suggest the introduction 
of a new Type D multifocal humeral fracture to the classification 
(Fig. 3). In view of the distance between the two fracture sites, 
surgery was performed of the proximal and distal fractures with 
different fixation strategies. The patient was a 67-year-old man with 
polytrauma and was treated with external fixation for the proximal 
fracture and plate fixation for the distal. Union was accomplished 
at both sites at 3 months.

The most frequently documented complication in our study 
was radial nerve damage which affected 11.5% of all our patients. 
This percentage is similar to that previously described by Shao 
et al.25 for humeral shaft fractures, although higher than reported 
by Maresca and Parscarella, who had only 1 patient (2.8%) or by 
Zambrosky et al. who had none.

This study provides a heterogeneous overview of surgical 
treatments and functional outcomes for multifocal humeral 
fractures. It has a major limitation in the small number of patients 
treated, attributable to the low incidence of multifocal humeral 
fractures. Another limitation is represented by the retrospective 
nature of the study which led to the loss of five patients during 
the FU.

co n c lu s I o n
Multifocal (segmental) humeral fractures represent uncommon and 
serious injuries. Only a few studies are available in literature. The AO 
fracture classification system does not subdivide these fractures. 
The Maresca and Pascarella classification overcomes this limitation. 
This study shows that expansion of the Maresca and Pascarella 
classification is appropriate owing to a previously unrecognised 
fracture pattern. There is a lack of consensus to treatment currently. 
A flowchart has been proposed to guide surgeons in the treatment 
of multifocal humeral fractures with the aim to standardise surgical 
treatment with due consideration to the fracture location and 
characteristics as well as the anticipated functional demands of 
the patient.
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