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Abstract
In case of cominutive fractures or displaced humeral tuberosities fractures, cases where radiographs are not 
edifying, computerized tomography is recommended. Combination fractures with 3 and 4 fragments affect the 
glenohumeral joint surface and pose a signifi cant risk of damage to the proximal humerus vasculature. Aseptic 
osteonecrosis of the humeral head is more common following comminuted fractures with 4 fragments. Following 
conventional radiographs, it is diffi cult to classify a fracture in a patient with obvious symptoms. Compared to 
conventional radiographs, computerized tomography with 2D or 3D reconstructions clearly shows the fracture 
and the degree of displacement of fragments without overlapping. In addition, information about fragment shifting, 
impact, coincidence, and subluxation can be highlighted. In this study we want to evaluate and compare the results 
and benefi ts of computerized tomography: correcting the errors of an initial diagnosis; precise diagnosis, a high 
accuracy classifi cation of proximal third humeral fractures, being of real use in preoperative planing; The need for 
direct spatial visualization of the realignment of fracture fragments, which reduces the intra-operative decision-
making time for the subsequent evolution of the case. The success of the treatment depends on: the analysis of 
each case; the patient’s age; type of fracture; soft skin condition; the degree of service provision; the experience of 
the operating team.
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Rezumat
În cazul fracturilor cominutive, sau al fracturilor cu deplasare a tuberozităţilor humerale, cazuri în care radiografi ile 
nu sunt edifi catoare, se recomandă efectuarea unei tomografi i computerizate. Fracturile cominutive cu 3 şi 4 frag-
mente afectează suprafaţa articulară glenohumerală şi prezintă un risc important în afectarea vascularizaţiei treimii 
proximale a humerusului. Osteonecroza aseptică de cap humeral este mai frecventă în urma fracturilor cominutive 
cu 4 fragmente. În urma radiografi ilor convenţionale este greu de clasifi cat o fractură la un pacient cu simptomato-
logie evidentă. În comparaţie cu radiografi ile convenţionale, tomografi a computerizată cu reconstrucţii 2D sau 3D 
evidenţiază clar fractura și gradul de deplasare a fragmentelor fără suprapunere. În completare pot fi  evidenţiate 
informaţii despre deplasarea fragmentelor, impactarea, gradul de cominuţie și subluxaţia. În acest studiu dorim 
să evaluăm și să comparăm rezultatele și benefi ciile utilizării tomografi ei computerizate: corectarea erorilor unui 
diagnostic iniţial; diagnostic de precizie, o clasifi care de mare acurateţe a fracturilor de treime proximală de hume-
rus, fi ind de un real folos în planingul preoperator; necesitatea vizualizării directe în spaţiu a realinierii fragmentelor 
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INTRODUCTION
Proximal humerus fractures result from indirect tra-
uma, are associated with osteoporosis, and are clas-
sifi ed into: humeral head fractures, anatomical cer-
vical fractures, trochiter, trochin, surgical neck, or 
proximal diaphysis. Types of fracture and displace-
ment are determined by the position of the hume-
rus at the time of trauma, bone quality and the di-
rection of muscle forces on fractured fragments1,2. 
Fractures with two, three or four shifted parts requi-
re surgical treatment. Th e dislocation fractures, except 
for the simple trohiter fractures, should be analyzed 
by the orthopedic surgeon, the reduction of the dis-
location will precede the treatment of the fracture. It 
should be emphasized that powerful damping ma-
neuvers can move fractured fragments, so it will be 
preferable to reduce it under radiological control14. 
Two-part fractures represent 10% of the total proxi-
mal humeral fracture. Th e displaced fractures of the 
surgical neck can aff ect the brachial plexus and the 
axillary artery due to the proximal relations in the an-
terior with the humeral head and the surgical cervix1. 
Th e small trochanter fractures are uncommon. A fo-
ur-part fracture is a joint fracture, and the fractured 
fragment is shifted by the two tuberosities and the 
humeral diaphysis. A classical fracture with four frag-
ments is a fracture-dislocation, in which the articular 

fragment exits before, without the insertion of soft 
parts. It presents an important risk of osteonecrosis. 
Th e four-part fracture fracture in valgus has a better 
prognosis due to the preservation of vascular sources2. 
Following conventional radiographs, it is diffi  cult 
to classify a fracture in a patient with obvious symp-
toms. Compared to conventional radiographs, com-
puterized tomography with 2D or 3D reconstructions 
clearly shows the fracture and the degree of displa-
cement of fragments without overlapping. In addi-
tion, information about fragment shifting, impact, 
coin ci dence, and subluxation can be highlighted4. 
Diff  erent 3D techniques have proven eff ective in 
diag nosing various pathologies and for preope-
rative planing in musculoskeletal disorders. For 
3D processing, 3 diff erent algorithms are used4. 
Osteo porosis is the most common cause underlying 
skeletal aff ections. Class 1 or postmenopausal oste-

fracturare, fapt care reduce timpul decizional intraoperator pentru evoluţia ulterioară a cazului. Reușita tratamentu-
lui depinde de: analiza fi ecărui caz în parte; vârsta pacientului; tipul fracturii; starea părţilor moi; gradul de dotare a 
serviciului; experienţa echipei operatorii.
Cuvinte cheie: tomografi e computerizată, reconstructive CT 3D, fractura humerus proximal, hemiartroplastie, PHI-
LOS
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oporosis or type 2 senile osteoporosis was classifi ed. 
Galanger in 1990 added a type 3 as secondary oste-
oporosis. Postmenopausal osteoporosis usually aff ects 
women between 50-65 years of age. Accelerated trabe-
cular bone resorption in relation to estrogen defi ciency, 
and fractures in this group are usually located in the 
spine and the carpal tunnel. In senile osteoporosis the 
cortical, trabecular bone is aff ected. Fractures of senile 

osteoporosis are in the hip, proximal humerus and tibia, 
and pelvis in people over 75 years of age5.

Although some authors assessed the eff ect of imaging 
such as computed tomography and 3D reconstructions, 
the results were not conclusive and there was no cor-
relation between classifi cations and treatment recom-
mendations of experienced physicians. Fractures with 4 
parts showed the same treatment and classifi cation pre-
ferences. Data showed statistical signifi cance for 3D re-
construction more important than computed tomogra-
phy and more relevant than conventional radiographs6. 
Treatment of proximal humerus fractures is diffi  cult in 

Figure 6. 3D reconstruction of computed tomography, radiographic 
check post hemiarthroplasty right shoulder.

Figure 7. CT sections, postoperative control following Phylos osteo-
synthesis.

Figure 4. Antero-posterior radiography, CT 
section, 3D reconstruction of computed 
tomography.

Figure 5. Antero-posterior radiography, CT 
section, 3D reconstruction of computed 
tomography.
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meral Interlocked Ostesynthesis) in 16 cases and 
hemartroplasty in 14 cases (implant type chart).
Th e basics of 2D and 3D reconstructions are subject 
to the appropriate acquisition protocols. Single slice 
computerized tomography is defi cient in axial plane 
resolution, x-y axes, which is a major function and ge-
ometry detector, and the longitudinal resolution z-axis 
which is a function of the slice thickness analyzed. To 
generate an isotropic volume in the case of non-iso-
tropic data, interpolation methods may be necessary.
After introducing multiple CT in 1992 with dual-slice 
scanners, this technology was improved in 1998 with 
four slides, and in 2000 with 8 slides, in 2002 16 slides, 
in 2004 64 slice. Continued development after 2006 
allowed the fi rst 64 slice, with two sources, with a very 
high temporal and spatial resolution. Observing the 
2-year cycle in the development of a new computer to-
mograph. In order to produce reconstructions, the pri-
mary source of slides of 0.5 mm to 0.125 mm thickness 
depending on the computed tomograph used is rebuilt, 
and scanning and display fi lters are adapted to the size 
of the scanned region. In order to benefi t from these 
capabilities, the 2D and 3D reconstructions have beco-
me an integral part of the musculoskeletal and vascular 
examination. Sections of the same image quality as the 
source can be obtained in any plan. Th e location of the 
examined region becomes less important because any 
plan can be reformatted after scanning. Th is ability re-
duces the diffi  culty of examining politraumatized pati-
ents in particular4.

X-ray images of the shoulder show the diff erence 
between internal rotation and external rotation. In in-
ternal rotation, the appearance of the humeral head is 
similar to a sphere; In external rotation, the trohitere 
can be very well highlighted. Th ese two incidents may 
usually be suffi  cient to exclude a fracture. A dislocati-
on may be diffi  cult to exclude without other incidents. 
In the axillary and scapular incidence of the shoulder, 
the clavicle and the anterior acromion and the acro-
mioclavicular joint and the glenohumeral joint can be 
highlighted. Due to the projection of axial radiogra-
phy, anterior and posterior luxations can be easily hi-
ghlighted. Another way of showing the shoulder in a 
plane perpendicular to the anteroposterior projection 
is called radiography in Y. In this patient it is oblique 
and a lateral shoulder radiography will be obtained. 
Th e Y-rod is represented by the body of the shoulder, 
while the two branches of the Y are the acromion and 
the coracoid process. At the center Y there is a circle 
corresponding to the glenoid fossa. Th e humeral head 
should be designed at the confl uence of the three arms 
of Y. If the humeral head is posterior to the intersection 

osteoporotic fractures. Th e incidence of these fractu-
res is increasing and the literature of the last 10 years 
shows new methods for fractures of 2.3 or 4 parts. Th e 
increase in the number of osteoporotic fractures and 
the requirements for better postoperative recovery, 
new methods and implants have been devised. Using 
blocked plates, blocked centromedullary stems and hu-
merus plaque blade, degradations of these mounts have 
been reported. Biomechanical studies have shown that 
osteoporotic bone tolerates elastic implants better than 
rigid ones, and with microarrays the fracture remains 
stable and callus formation progresses13,15. On the other 
hand, rigid, although very stable mechanical implants 
cannot be elastically deformed during movements. 
Th ey can pass through the soft bone, causing degrada-
tion of the assembly and degradation of the remaining 
bone stock15.

Surgery is indicated in proximal humerus third 
fractures in case of articular instability or marked mo-
vement of fractured fragments. Th e choice between 
osteosynthesis and arthroplasty is still debated and 
depends on the quality of the bone and the risk of os-
teonecrosis of the humeral head. Osteonecrosis occurs 
in the case of fracture-dislocation but is closely related 
to the type of fracture that poses the joint and the vas-
cular joint lesion1,8.

MATERIAL AND METHODS
In this study we want to evaluate and compare the re-
sults and benefi ts of computerized tomography: cor-
recting the errors of an initial diagnosis; precise dia-
gnosis, a high accuracy classifi cation of proximal third 
humerus fractures, being of real use in preoperative 
planning; Th e need for direct spatial visualization of 
the realignment of fracture fragments, which reduces 
the intra-operative decision-making time for the sub-
sequent evolution of the case.

In order to achieve our research goals, we used a 
group of 30 patients (20 women, 10 men) with age 60 
to 80 years old (age distribution chart) treated at the 
Clinic of Orthopedics and Traumatology at the “Ca-
rol Davila” Central University Emergency Hospital 
Bucharest, January 1, 2015 - January 1, 2017, without 
associated serious conditions, both sexes being inclu-
ded. Th e diagnosis was based on the analysis of con-
ventional radiographs, computed tomography and 3D 
reconstruction in some cases. Th e exclusion criteria are: 
patients outside the age group, with associated serious 
pathology, or patients who refuse surgical treatment.

Surgical treatment involved reduction and os-
teosynthesis with blocked PHILOS (Proximal Hu-
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derlying articulation and anatomy3,4. Multi-slice com-
puterized tomography is extremely sensitive to fracture 
detection, and reconstruction can highlight the spatial 
relationship of fractured fragments in complex anato-
mical regions4.

In 3-part fractures, computerized tomography was 
useful in determining the direction of the bolts, and 
postoperatively the degree of reduction and position 
of the implants in the humeral head was confi rmed. 
Th e presence of titanium, which is an osteoinductive 
factor, can play an important role. In most fractures, 
anatomical reduction of fragments could not be assu-
red but did not aff ect functional outcomes. Improving 
minimal invasive techniques through 3D real-time 
imaging of fracture and instrumentation for reducti-
on are a breakthrough. Early functional treatment has 
allowed patients greater mobility despite moderate 
movements15.

Th e degradation of the assembly in the glenohume-
ral joint leads to degradation of the articular cartilage, 
resulting in unsatisfactory results and requires restora-
tion of the glenoid surface if arthroplasty is required. 
Th e lack of consolidation of tubers due to inappropria-
te shunt-associated attachment may compromise sub-
sequent arthroplasty. Bone quality analysis is required 
before osteosynthesis. On standard X-rays, osteopo-
rosis is evidenced by diminishing the humeral head 
density, tuberositis and a low corticomedullary index 
of humeral diaphysis. Osteopenia highlighted in the 
tuberosities and displaced fragments are assessed using 
preoperative computed tomography. Avascular necrosis 
of the humeral head is a common complication, and the 
viability of the humeral head implies surgical strategy10. 
Th e three-dimensional reconstruction of computed to-
mography shows the shape and position of the frag-
ments to determine the appropriate surgical approach. 
A comparison of 2D tomography diagnosis in com-
bination with 3D reconstruction was performed with 
partial and complete fractures. Classifi cation was re-
produced better after 3D reconstruction. More frag-
ments were identifi ed than conventional imaging. 3D 
reconstructed computed tomography helps the surgeon 
to view all of the fragments and to choose the appro-
priate surgical approach to the type of fracture11.

DISCUSSIONS
With regard to shifted fractures, the initial treat-
ment involves good anesthesia, analgesia and immo-
bi lization in a toraco-brachial scarf or bandage in 
case of a displacement a support scarf is recommen-
ded; Th e bandage allows a gravitational support 

of the Y arms, a posterior dislocation can be diagnosed. 
Posterior luxation may appear normal in the anterior-
posterior incidence. Th e scapular Y incidence is not as 
useful as the lateral axillary incidence to diagnose a dis-
location or subluxation16.

Treatment of 4-part fractures was established 
following the evaluation of computed tomographies. 
Th ese data may suggest that 4-part complex fractures 
can be improved under 3D reconstructions. Computed 
tomography allowed identifi cation of fractured frag-
ment numbers. In the literature, the diff erences in frac-
ture classifi cation and interpretation of imaging cause 
imprecise measurements of the anatomy of the aff ected 
segment. Neer described the clinical variability, the pro-
cedure and the patient as the causes of inaccurate mea-
surements. It is important to recall that fracture classi-
fi cation with 4 fragments is not a radiological system, 
but it is an anatomopathological classifi cation of dis-
placed fractures. Diffi  culties have been demonstrated 
in classifying 3D images displayed on a 2D screen6. 
Issues that occur at the time of treatment include frac-
ture type, bone quality, and general condition of the pa-
tient. Several methods of treatment: conservative, vari-
ous forms of osteosynthesis and hemiarthroplasty have 
been proposed but long-term results have not been sa-
tisfactory, so the interest in fi nding better therapeutic 
solutions has been highlighted in recent years. Placing 
the blocked plates with higher stability has improved 
the fi xation results. Th e dilemma between rigid or 
elastic implants in these fractures is still unresolved15. 
Anatomical or reversed arthroplasty is usually indica-
ted in elderly patients, but it is a last resort treatment in 
younger patients in whom reduction and osteosynthe-
sis is the treatment of choice. Computed tomography 
is a key in preoperative planing. Analysis of compute-
rized tomography details is important to establish the 
reduction procedures that are required during surgery 
to achieve the reduction and osteosynthesis of all frag-
ments8.

RESULTS
Th e success of the treatment depends on: the analysis 
of each case; age of the patient; type of fracture; soft 
skin condition; the experience of the operating team.

A lipohemarthrosis may be visible as a lower-level 
fl uid at the acromial process, an important haemart-
hrosis can move the lower humerus head resulting in 
pseudo-subluxation. An anterior or posterior subluxa-
tion or subluxation will be sought14. 

High-resolution reconstruction of computed to-
mography provides data that allow description of un-
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of an angular deformation. Th e patient should be 
encou raged to perform passive movements, follo-
wed by active movements at the time of callus14. 
By evaluating the number of fragments and the parts 
invol ved: the head, the trochiter, the trochin and the 
diaphysis, Neer classifi es the proximal fractures of the 
humerus in one, two, three and four parts. Each of the 
four locations is a fragment that is considered shifted 
if the distance is greater than 1 cm or rotation greater 
than 45 degrees. A minimal travel can be considered as 
leaving aside the number of fractures. Th e musculature 
inserted in the proximal third of the humerus infl uences 
the movement of the fragments. Th e large pectoral mo-
ves the antero-medial humeral head, the supraspinatus 
and infraspinatus muscles move the postero-superior 
tuberosity, and the subcapularis muscle pulls the medi-
al trochin. At the time of describing the proximal hu-
meral third fractures, it is important to specify the type 
with one, two, three or four fragments or anatomical or 
surgical collar and the fragments involved trohin, tro-
chite or diaphysis1. According to Neer’s classifi cation, 
fractures of the proximal third of the humerus with a 
fragment are 80% of the surgical neck. Undefi ned frac-
tures of the surgical neck usually have a good prognosis 
due to the preservation of the humeral head. In contrast, 
fractures of the anatomical cervix heal more severely 
due to vascular damage, which will develop avascular 
necrosis of the humeral head and secondary arthrosis2. 
Classifi cation of complex intra-articular fractures 
is not suffi  cient in conventional radiographs. Also, 
com pu terized axial tomography may be diffi  cult to 
inter pret regions with complex anatomy. For exam-
ple, locating the surfaces of the underlying joint 
may be diffi  cult to interpret in the axial sections4. 
Th e fi rst application of 3D reconstruction was in the 
asses s ment of skeletal fractures and the preparation of 
orthopedic surgery. A precise classifi cation and under-
standing of the fractures are the basis of conservative 
treatment, and appropriate surgical intervention4.

Preoperative fracture planning in regions with com-
plex anatomy, such as the shoulder and spine, the radio-
carp joint may also be improved by 3D reconstruction4.

Th e callus at the level of fracture was evaluated on 
radiographs or computed tomography. Fracture reduc-
tion was anatomical8.

Shoulder rotations or other complex movements 
and muscle contractions, muscle dysfunction and im-
pact on joint mechanics can be evaluated. Compared 
to single-sliced   CT, multi-layered CT has highlighted 
three-dimensional aspects that are comparable to 3D 
reconstruction of images4,7.

CONCLUSIONS
Although MPR - multiplan reconstructions allow for 
the evaluation of fragment shifts, it can not display a 
global view of the lesions. Th at’s why surgeons prefer 
3D reconstruction for preoperative planing. 3D ima-
gery allows the assessment of complex fractures, but 
they can fail in the recognition of minimal movement 
fractures and subchondral lesions. Images can also hi-
ghlight stepped artefacts. Volumetric interpretation 
was not superior to minimal shifts of fractures, especi-
ally those axially oriented. Complex lesions and spatial 
information about the positions of the relative frag-
ments are highlighted as clauses. Th e 3D reconstruc-
tion of computed tomography can precisely delineate 
the spatial relationship between the fragment and the 
musculoskeletal structures and produce a 3D presenta-
tion of the articulation biodynamics4.

Th e risk of osteonecrosis appears lower in valgus im-
pacted fractures with 4 fragments, or with 3 fragments, 
although osteonecrosis has also been reported in the 
case of displaced fracture of large tuberosity8. 

Hence, the humeral head viability is a major factor 
in choosing the proximal humeral fracture fi xation te-
chnique10.

Th ree-dimensional imaging is useful in preoperative 
planning, in determining the surgical approach and the 
location of the screw insertion4.

Computerized tomography is available in most 
emergency centers and provides an exact look for 
articular fractures. A newly introduced technique 
is 3D reconstruction derived from 2D computeri-
zed tomography. Th is technique has been shown 
to improve the diagnosis of humeral fractures12. 
Particularly in complex fractures aff ecting the articular 
surface, VR reconstruction with segmentation allows 
the evaluation of the extent of displacement of frag-
ments that is usually undetectable in conventional ra-
diographs, and allows a classifi cation and a diagnosis of 
the fracture4.
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