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Early-stage radiological critical analysis of unsuccessful
cases following a four-part fracture osteosynthesis of the
proximal humerus: focus on the “P” sign
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Cornelio Crippa
Department of Orthopedics and Traumatology, San Carlo Borromeo Hospital, Milan, Italy

Summary. Radiological evaluation of complex intra-articular fractures of the proximal humerus is still chal-
lenging. Here, we describe the post-operative “P” sign as a reproducible radiographical mark of a varus reduc-
tion, performed by assembling a head-shaft angulation of less than 130 degrees. Our retrospective study was
conducted in a group of subjects who previously suffered from proximal humerus four-part fractures. We eval-
uated the post-operative evolution of specific radiographical parameters that are of crucial prognostic signifi-
cance: Cervix-diaphysis angle (HHSA), quality level of the orthopaedic reduction (insufficient, sufficient and
good) based on a radiological generalized subjective overview, presence of calcar screws through the Philos
plate. The final cohort included a group of 39 patients of 70.76 + 8.3 years of age and an average follow-up
of 7.2 months. The post-operative mean HHSA was 131.5 + 9.4. Interestingly, a positive correlation was
detected between presence of the radiographical “P” sign in the post-operative period and the number of sur-
gical complications coming up in the post-operative period (OR: 3.68 - 1.C. 95%: 0.7984255-19.2532430),
although not statistically significant. In our study, the high number of complications corresponds to literature
database. Presence of the “P” sign could be a useful tool for assessing the quality of reduction during intra and
post-operative radiological evaluation. We underline the importance of the “P” sign as a “quality of reduction”
factor and strongly recommend its intra-operative monitoring as an additional tool together with a standard
subjective evaluation of the reduction.(www.actabiomedica.it)
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Introduction

Radiological evaluation of complex intra-articular
fractures of the proximal humerus is still challenging.
The “sunset” sign typically seen in an anteroposterior
X-ray view is a reliable and consistent indicator of
four-part fractures of the proximal humerus (1).

Four-part fracture osteosynthesis of the proximal
humerus are often complicated with screw perfora-
tions, humeral head necrosis and secondary displace-
ment. A relatively high number of post-operative

complications have indeed been reported after plate-
osteosynthesis and despite an apparently acceptable
radiological exam result (2, 3). Numerous studies were
conducted trying to address this issue by identifying
putative common factors that could possibly be re-
sponsible for the generation of the aforementioned
complications.

Here, we describe the post-operative “P” sign as a
reproducible radiographical mark of a varus reduction,
performed by assembling a head-shaft angulation of
less than 130 degrees. The radiological aspect of the
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proximal humerus in such cases resembles to the “P”
letter.

We hypothesize that this radiological sign in
the anteroposterior X-ray view of the shoulder, de-
spite otherwise good radiological aspect, can possibly
predict secondary displacement of the fracture in the
follow-up period. The aim of this retrospective study
was to examine unsuccessful cases associated with im-
plant-related complications, as well as to evaluate the
presence of the “P” sign in the post-operative period,
following surgery of specific types of fractures and in
correlation with precise osteosynthesis parameters.

Materials and methods

Our retrospective study was conducted in a group
of subjects who previously suffered from proximal hu-
merus four-part fractures. All patients had been oper-
ated in our surgical unit during a 4-year period from
January 2011 to July 2015.

The patients met the following inclusion criteria:
(1) patients > 50 years old, (2) presence of the “sunset
sign “ as a reliable indicator of a four-fragment frac-
ture, (3) application of a 3-hole PHILOS-type plate-
osteosynthesis (Synthes, Solothurn, Switzerland).

The exclusion criteria included: (1) presence of si-
multaneous fracture in the ipsilateral humeral diafisis or
in other body parts, (2) severe comorbidity (ASA > 4),
(3) open fractures, (4) post-operative follow-up shorter
than 3 months and (5) graft insertion (void fillers).

The X-ray images of all eligible subjects were
obtained from the picture archiving and communica-
tion system (PACS) of our institute and examined in at
least 2 standard projections (anteroposterior projection
on neutral rotation and anteroposterior oblique pro-
jection of the shoulder joint).

We evaluated the post-operative evolution of
specific radiographical parameters that are of cru-
cial prognostic significance: Cervix-diaphysis angle
(HHSA), quality level of the orthopaedic reduction
(insufficient, sufficient and good) based on a radiologi-
cal generalized subjective overview, presence of calcar
screws through the Philos plate.

The radiographical “P” sign was defined as an
indicator of reduced fractures with an HHSA being

less than 130°. Post-operative complications consid-
ered were the following: humeral head necrosis, loss
of reduction, hardware mobilization, and intraarticular
protrusion of the screws. Statistical analysis was per-
formed using free R software (The R Foundation for
Statistical Computing, Vienna, Austria).

Results

A total number of 81 patients met the inclusion
criteria; among them, 42 subjects were eliminated from
the study due to the presence of at least one exclusion
criteria (an incomplete follow up, was present in most
of the cases).

The final cohort included a group of 39 patients
of 70.76 + 8.3 years of age and an average follow-up
of 7.2 months. The post-operative mean HHSA was

Figure 1. 4 Radiographs of a 75-year-old woman with a a four-
part fracture osteosynthesis of the proximal humerus: the “sun-
set” sign is visible in the anteroposterior view
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Figure 2. Postoperative radiograph demonstrated fracture re-
duction in varus (119,61°) with the described “P sign”

131.5 = 9.4. In 23 patients, post-operative reduction
was tested excellent (58.97%), while it was found ei-
ther good or insufficient in 8 cases per each of these
two categories (20.51%). Calcar screws were placed in
a total of 27 patients (69.23%). The “P” sign was con-
firmed positive (presence) in 16 patients.

Among patients tested positive for the “P” sign,
post-operative reduction was considered good in
43.7% of cases, sufficient in 18.7% and insufficient in
37.5% of them. Among the remaining patients that
were found negative for the “P” sign (absence), 69.5%
of them presented with good reduction, 2.7% with suf-
ficient and 8.6% were found to have insufficient post-
operative reduction. Statistical analysis with contin-
gency table revealed no significant differences in terms

Figure 3. Radiograph at 1 month of follow-up showing pro-
gressive loss of reduction of the head (117,56°)

of quality of reduction between the two major groups,
meaning between patients with presence and with ab-
sence of the “P” sign.

A total number of 14 patients 35.9% of cases)
went through post-operative complications during
follow-up within a mean time of 10.7 months. Statis-
tical analysis showed no positive correlation between
the overall quality of the post-operative reduction and
the number of unsuccessful cases, as well as between
patients treated by osteosynthesis with and without
calcar screws through the plate. Interestingly, a posi-
tive correlation was detected between presence of the
radiographical “P” sign in the post-operative period
and the number of surgical complications coming up
in the post-operative period (OR: 3.68 - I.C. 95%:
0.7984255-19.2532430), although not statistically sig-
nificant. Nevertheless, the average HHSA of the pa-
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Figure 4. Radiograph at 3 months of follow-up (HHSA
115,49°) showing further loss of reduction.

tients that were basically considered unsuccessful cases
was found to be 127,69 degrees while it was found
significantly higher, equal to 133,91 degrees, (»=0,03)
in patients with satisfactory radiographical follow up.
No statistically significant differences were detected in
multivariate data analysis, likely due to low number of
patients in the sampling groups.

Discussion

There is no universal consensus on the treatment of
four-part proximal humerus fractures and conservative
non-surgical approaches typically lead to unsuccessful
union, often complicated with shoulder stiffness and
ultimately associated with poor functional results (4,
5). CT scan with 3d reconstruction provides detailed
information about the type of the lesion, but it has been
demonstrated that just the presence of the “sunset” sign
in pre-operative X-ray, as a simple radiological sign,

can by itself highlight the severity of the fracture.

Despite the several complications that often pre-
sent with these types of fractures, the importance of
radiological evaluation of the osteosynthesis during
the peri-operative procedure and in the post-operative
period has not been well investigated. Osteonecrosis
of the proximal humerus is well defined radiologically
as a late complication; nevertheless, the morphologic
changes that occur in the early post-operative period
after plate-osteosynthesis of 4 part fractures of proxi-
mal humerus are not always captured in the short and
medium term radiological controls (6). Furthermore,
there are not precise prognostic factors universally ac-
cepted, that can ultimately lead to an optimal surgical
technique. Varus migration of the humeral head af-
ter four-part fractures is indicative of secondary dis-
placement of the fracture, which primarily depends
on inadequate reduction and fixation, and sometimes
represents an early sign of osteonecrosis. In our opin-
ion, restoring an optimal head-shaft angle is of crucial
importance for a successful treatment, as, missing an
optimal head-shaft angle could lead to early failure,
despite an otherwise good reduction.

The general recommendation for plate-osteosyn-
thesis in complex proximal humerus fractures is still a
topic of debate; arthroplasty is still remaining the most
preferable option for such fractures by many surgeons,
despite often poor clinical outcomes in terms of range
of motion caused by such procedures (7). However,
it has been demonstrated that osteosynthesis, apart
from being less expensive, has overall more satisfac-
tory clinical result, but a still noticeable risk of fail-
ure. More importantly, arthroplasty can always be a
second-choice treatment in case a osteosynthesis by
plate is not likely to be successful, while the opposite is
not an option. In any case, four-fragment fractures of
the proximal humerus are technically very challenging
cases to treat, requiring long and complex orthopedic
interventions. For that reason, it is important to oper-
ate using secure, precise and reproducible methods in
order to obtain a safe and successful reduction, and so
as to ensure the best clinical outcome that would de-
finitively justify the preference for plate-osteosynthesis
as the first-line treatment.

Many reported studies tried to address the issue
trying to identify factors related to early failure (8).
Good clinical practice requires intra-operative moni-
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Figure 5. Radiograph at 6 months of follow-up (HHSA
111,43°) and at 9 months of follow-up (HHSA 111,40°) re-
spectively highlights varus malalignment of the humeral head.

toring of the reduction so as to evaluate overall qual-
ity and evolution. While subjective interpretation of
the X-ray images is usually sufficient in most cases in
order to establish reliable prognosis, it is mandatory to
confirm diagnostic hypothesis and establish best treat-
ment options using objective criteria when such com-
plicated cases arise. Some authors suggest that both
a residual bone deformity and initial reconstruction
within a range of 15 degrees in both views, as well as
tuberosity displacement of 5mm or less are acceptable
and should be the surgical goal of surgery by plate-
osteosynthesis; our results also suggest that restoration
of HSSA with values greater than 130 grades could be
of great importance to prevent potential further dis-
placement (9).

In our study, the high number of complications
corresponds to literature database. Our results showed

Figure 6. Radiograph at 6 months of follow-up (HHSA
111,43°) and at 9 months of follow-up (HHSA 111,40°) re-
spectively highlights varus malalignment of the humeral head.

no positive correlation between presence of complica-
tions and overall quality of the reduction. It is striking
that in 37.5% of the unsuccessful cases, post-operative
reduction was considered good. On the other hand, and
in the same group of patients, HHSA was found to be
of lower degree compared to control subjects. Statisti-
cal analysis revealed trending but not significant dif-
ferences between groups, likely due to low number of
subjects to compare.

Presence of the “P” sign could be a useful tool
for assessing the quality of reduction during intra and
post-operative radiological evaluation. In this con-
text, an important surgical aim of plate-osteosynthesis
should be to obtain reduction with the appearance
of the “P” sign, an outcome that would add objective
value for considering a reduction successful or not. We
reinforce this hypothesis, by reporting that in 43.7% of
cases associated with the “P” sign, overall reduction was
considered good. In conservative approaches, proximal
humerus shape can change during fracture healing be-
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cause of the absence of a fixation (10). Otherwise, in
case of plate-osteosynthesis complicated with screws
malposition or technical pitfalls like the underuse of
calcar screws, an early mobilization can contribute to
progressive fragment displacement (11, 12). In our
cases, the position of calcar screws was not significant.
Our hypothesis is that calcar screws increase solidity
but also relative stiffness of the fracture fragments and
the benefits of their application are associated only in
cases of anatomic reduction when absolute stability is
needed.

In this study the importance of bone void fillers
was not evaluated (13). Passing from the “sunset” sign
position to the anatomical valgus position, can often
cause bone weakening especially in elderly patients.
In our analysis, all the cases where bone augmentation
was utilized have been excluded; it is possible that the
number of complications was increased also for this
reason. Moreover, our criteria for evaluating the suc-
cess of the reduction are based on a radiological over-
view using a simple scale, without actually consider-
ing strict and determining parameters, but only strong
indicators; nevertheless, this is the most diffused way
of surgical evaluation during standard clinical prac-
tice worldwide. Furthermore, the small number of the
subjects included in our sampling groups provided low
statistical power of our retrospective analysis. Lastly,
since the technical design of this study had to involve
a multi-surgery approach, the operating surgeons did
not share equal knowledge and expertise regarding
shoulder implant surgery, and this fact may have posed
significant limitations when we had to switch from
plate-osteosynthesis to prosthesis in the case of non-
reducible fractures.

In conclusion, we underline the importance of the
“P” sign as a “quality of reduction” factor. We strongly
recommend its intra-operative monitoring as an ad-
ditional tool together with a standard subjective evalu-
ation of the reduction. In many cases, it could be safer
to proceed with prosthesis, when reduction with plate-
osteosynthesis cannot be achieved together with the
presence of the “P” sign. Such situations require care-
ful decision making between osteosynthesis and hu-
meral artrhoplasty and readiness to change indication
intra—operatively if necessary, in order to minimize
radiological complications of inadequate fixation. The

presence of the “P” sign can also have a prognostic
value; in these cases, mobilization protocols after sur-
gery should be agreed in detail between the orthopedic
surgeon and the physical therapist and they both need
to adequately educate the patient to try to minimize
further risks of complications.
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