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Background

The treatment of proximal humerus fracture complicated by bone fragility is still
controversial. The aim of this study is to compare the Neer classification and the Control
Volume severity grade for the accuracy in the selection of the type of treatment and for
prognostic evaluation.

Materials and methods

We retrospectively collected the records of all patients admitted at the Emergency
Department of our Institute, from 2013 to 2020, for a closed displaced proximal humerus
fracture further investigated with a CT scan before treatment decision. We selected all
patients with a minimum age of 65 years. The included fractures were retrospectively
classified according to Neer, and Control Volume severity grade. The included patients
were evaluated with Simple Shoulder Test (SST). A statistical analysis was performed to
correlate the type of treatment and the clinical results to the Neer classification and the
Control Volume severity grade.

Results

Sixty-four patients (80%), were available for the telephonically interview at a mean
follow up of 4 years and were included. According to the Control Volume model, we
identified fracture with a low, medium and high severity grade, in 23 (36%), 13 (20%),
and, 28 (44%) cases, respectively. Fifteen patients (23,5%) were conservatively treated,
whether fourty-nine patients (76,5%) were operated. We find a statistical correlation
between control volume severity grade and type of treatment. No Therapeutic correlation
was detected for the Neer classification. A statistical correlation between the severity
grade and clinical outcome could be observed only for patients with the same type of
treatment.

Conclusions

The use of Control Volume severity grade is associated with better therapeutic and
prognostic informations in confront to the Neer classification.

INTRODUCTION lengthening of the average life and to the increase in os-
teoporosis.1 =% The evidences that surgical treatment is su-

Proximal humeral fractures frequency is increasing, par- perior to conservative treatments, even for displaced frac-

ticularly in women aged older than 65 years, due to the tures, are not clear.>-6 The latest Cochrane review suggests
that non-operative management might have similar func-
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tional outcomes to operative management with lower risks
of complications and reoperation.”® Moreover, there is no
agreement about which type of fracture should be surgi-
cally treated, which type of surgery should be performed
and which rehabilitation programs should be suggested.?
This high variability about surgical indication and type of
surgery is present even among regions of the same country,
leading to substantial variation worldwide in the manage-
ment of this common injury. Generally, conservative treat-
ment of proximal humerus displaced fractures, lead to bone
healing in more than 90% of patients (malunion), with re-
striction of active range of motion, but acceptable func-
tional results in elderly people.l0 Surgery is usually in-
dicated in more active patients with higher functional
requests. Surgical treatment is associated with an higher
complication rate, in confront to conservative treatment,
such as: nonanatomic reduction, humeral head screws per-
foration, secondary displacement of the fracture, avascular
necrosis, infection, greater tuberosity resorption and sec-
ondary cuff deficiency, stiffness and reintervention.!! In
the last '90 and early 2000s, the market popularized mod-
ular dedicated humeral prosthesis and locking plates with
polyaxial screws, anyway their use, accompanied by en-
couraging biomechanical studies in the laboratory, did not
show a significant reduction in postoperative complica-
tion.!2 Moreover, the Neer classification,!314 which is the
most used classification system, does not allow to define
the type of treatment or to predict the clinical results.!5 Re-
cently, a new classification system based on Control Vol-
ume (CV) theory has been described.1®17 The CV theory
and its classification system are the result of a mathemati-
cal approach to the three-dimensional pattern of the frac-
ture, which evaluate the head displacement, the amount of
bone loss and, the comminution of the medial and lateral
humeral columns in the metaphysis. The CV theory helps to
define a severity grade of the fracture which could help the
surgeon to understand the best treatment option. The pur-
pose of this article is to evaluate the therapeutic and prog-
nostic predictive value of the CV severity grade in confront
to the Neer classification.

MATERIALS AND METHODS

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Informed consent was obtained from all individual par-
ticipants included in the study.

We retrospectively collected the data of all patients af-
fected by a closed displaced proximal humerus fracture, ad-
mitted in a single Hospital emergency department from
2013 to 2020. From this population, we selected all patient
aged older than 65, which performed a CT scan before the
treatment decision. Exclusion criteria were: open fracture,
polytrauma, associated scapula, clavicular or humeral shaft
fracture, previous shoulder surgery and pathological frac-
tures. According to these criteria, eighty patients were in-

cluded in the study. The radiological examinations were
retrospectively analyzed by two orthopedic surgeons,
blinded to the patient treatment or data, asking to classify
the fracture according to the Neer and the CV criteria. The
CV criteria were: the head displacement, the amount of
bone loss and, the comminution of the medial and lateral
humeral columns in the metaphysis and humeral head. The
output evaluations of CV criteria defined three grades of
fracture severity: low, medium and high. The therapeutic
treatment of each patient was recorded. A telephonically
interview with Simple Shoulder Test (SST) was used to eval-
uate the final clinical outcome.

STATISTICAL ANALYSIS

Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) Version 20.0 (IBM, Armonk, NY,
USA). The values were tested for normal distribution using
the Kolmogorov-Smirnov test and the Shapiro-Wilk test.
Univariate comparisons of dichotomous data were per-
formed with the use of the chi-square or Fisher exact test,
while the T-test was used to compare group means with SD.
Multiple regression was also used to evaluate the effect of
the test variables on the values of the dependent variables.
A two-sided p-values were calculated. The level of signifi-
cance was defined as p < 0.05.

RESULTS

We identified eighty patients eligible for the study, accord-
ing to the inclusion and exclusion criteria. Sixty-four pa-
tients (80%) were available for a telephonic evaluation,
whether sixteen patients (20%) were lost at the follow-up
and were excluded from the study. Mean age was 74 years
(66-85). There were 19 males and 45 females. Mean fol-
low-up was 4 years (1 to 7). Fracture types were classified
according to Neer as two-part fracture in 6 cases (9%), as
three-part fracture in 25 cases (39%), as four-part fracture
in 33 cases (51%). According to the CV criteria, the sever-
ity grade was evaluated as low in 23 cases (36%), medium
in 13 cases (20%) and high in 28 patients (44%). Fifteen
patients (23,5%) were treated conservatively, with immo-
bilization for 4 weeks before to start physiotherapy; forty-
nine (76,5%) surgically. Three patients (4,5%) were treated
with closed reduction and percutaneous osteosynthesis
with Kirschner wires. One (1,5%) patient was treated with
open reduction and synthesis with a locking plate. Nine pa-
tients (14%) were treated with an endomedullary autolo-
gous iliac crest bone graft and locking plate. Eight patients
(12,5%) were treated with a titanium endomedullary cage
and locking plate.18 Twenty-eight cases (44%) were treated
with reverse prosthesis. In the immediate postoperative pe-
riod, we did not observe any vascular complications. One
patient need postoperative intensive care. In three patients
we observed a postoperative temporary axillary palsy. Mean
inpatient time was 3,5 days (¥2,5). SST values are reported
in table 1. The statistical regression test demonstrated that
the severity grade (p<0,05) correlates better than the Neer
classification (p=0,35) to the type of treatment. Indeed, no

Orthopedic Reviews 2



Therapeutic and prognostic predictive value of the Control Volume severity grade on proximal humerus fractures due to bone...

Table 1. Clinical outcomes according to the type of treatment measured with Simple Shoulder Test.

Simple Shoulder Test score results
Treatments Frequencies Min Max Mean 95% Cl
RSA 28 33% 100% 76% (0,69;1)
ORIF 18 50% 100% 78% (0,73;1)
CRPO 3 67% 100% 85% (0,79;1)
NO 15 67% 92% 75% (0,7;1)

(RSA revers shoulder arthroplasty, ORIF open reduction internal fixation with plate and screws, CRPO closed reduction and percutaneous fixation, NO non operative treatment)

Figure 1.

A) anteroposterior radiographs and B) 3D computed tomography showing a 2-part frac-
ture with posterior calcar fracture and lateral comminution classified as high severity
grade

patient with a low severity grade was treated with a re-
verse prosthesis and the 85% of the conservatively treated
patients are in the group graded as low severity grade. On
the contrary, reverse prosthesis and conservative treatment
were used with a similar frequency in 2-, 3- and 4- part
fractures. In particular, we observed several 2-part fractures
with high (Fig. 1) and medium (Fig. 2) severity grade char-
acterized by calcar fracture and lateral comminution. On
the other side, better SST values were not statistically as-
sociated to a lower severity grade neither to the Neer clas-
sification. Only if we calculate the SST values for a specific
group of treatment we could find a significative correlation
between severity grade and clinical outcomes.

According to our results, we try to create a therapeutic
algorithm based on the control volume criteria. We suggest
using an endomedullary graft in case of varus displacement
or medial column bone loss. In case of impacted forms with
penetration of cortical diaphysis in the humeral head and
conservation of the head position, even in case of lateral
column comminution, the conservative treatment allows a

Figure 2.

A) anteroposterior radiographs and B) 3D computed tomography showing a 2-part frac-
ture with posterior calcar fracture and lateral comminution classified as moderate sever-
ity grade, requiring a surgical treatment with open reduction, internal fixation with
plate and screws

very good result. In case of comminution of the lateral col-
umn and loss of calcar in the posterior side with the head
impacted in varus position reverse prosthesis is the best
option. The comminuted lateral column can be the cause
of insufficient healing and loss of external rotation both in
case of osteosynthesis and reverse or anatomical prosthe-
sis.

DISCUSSION

The main finding of our study is that the use of Control Vol-
ume severity grade could help to define the stability and
the complexity of proximal humerus fracture and, conse-
quently, the better type of treatment. The therapeutical
choice, of course, should take into account also several pa-
tients factors, such as: age, functional requests, comorbidi-
ties, expectative.l® Another important aspect of our study,
is that displaced proximal humeral fractures cannot be
evaluated just with plain radiographs, even if performed
with the trauma series views. The use of a CT-scan and of
a 3D model evaluation let the surgeon knows the real po-
sition of the humeral head, the measurement of anterior
or posterior head tilting, the percentage of bone loss of
the calcar. The amount of comminution is a key point, es-
pecially when referred to the calcar. Calcar comminution
significantly decreases the stability of fracture reconstruc-
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tion and gives direct information on the technical demand
of fracture repair. On the other side, the Control Volume
classification has some critical points. First, it is difficult
to calculate the accurate topographic evaluation of bone
loss without the help of specific researchers. Second, sim-
ilar head displacement with equivalent bone loss could be
associated with different severity, due to high comminution
or different topographical involvement. This means that,
the Control Volume measurements are not easy to evaluate
and requires experts support. However, we believe that the
spread of this preoperative study of the fracture, could re-
duce the tendency to treat indiscriminately with a reverse
prosthesis all the displaced proximal humerus fracture as-
sociated to bone loss. According to the Control Volume
severity grade, even fractures characterized by significant
fragments displacement with posterior and superior dis-
placement of the greater tuberosity equal or superior to 5
mm, could be treated non-operative, if the humeral head
remains in a neutral position. The use of conservative treat-
ment and of osteosynthesis, for the right fracture type,
could reduce the complication, historically observed with
these types of treatment, especially in case of bone
fragility.10-12 We believe that previous studies demonstrat-
ing no difference between conservative and surgical treat-
ment have not specifically assessed the type of fracture.
The PROHFER study, for example, assessed only the surgi-
cal neck fracture by plain radiographs.>® Finally, the Con-
trol Volume criteria and the severity grade, in our series
could predict the clinical outcome for patients treated with
the same procedure. For patients treated with reverse pros-
thesis, the clinical outcomes are directly related to the
healing of the tuberosities around the prosthetic stem. One
of the factors influencing the severity grade is the multi-
fragmentation of the greater tuberosity. In fact, in these
cases, despite the accurate reconstruction of the tuberosity
and the use of bone chips to fill the interface between corti-
cal tuberosity and prosthesis, the external rotation was less
effective than when the great tuberosity is intact or with a
large fragment.20 This study has several weaknesses: it is
a retrospective study, including a relatively small number

of patients. The use of Control Volume criteria should be
tested in prospective multicentric observational studies.

CONCLUSIONS

The use of Control Volume criteria and severity grade are
associated with better therapeutic and prognostic informa-
tions in confront to the Neer classification.
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