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      Osteoporosis and BMD 
of the Proximal Humerus       

     Ingo     J.     Banke    

           Introduction 

 The incidence of proximal humerus fractures 
rises rapidly with age. More than 70 % of frac-
tures of the proximal humerus can be assigned to 
the age above 60 years showing the highest age- 
specifi c peak in 80–89 year old women [ 10 ]. 
Between the age of 30 and 60 years the distribu-
tion in men and women is equal. Afterwards the 
incidence for proximal humeral fractures in 
women compared to men increases by 4 times 
leading to an estimated overall male to female 
ratio of 3:7 [ 10 ]. This strong effect of advanced 
age and female sex underlines the signifi cant 
association between proximal humerus fractures 
and osteoporosis. Due to this fracture and con-
comitant disability promoting effect osteoporosis 
has gained vast clinical and public health impor-
tance over the last decades [ 3 ]. Multicenter stud-
ies have demonstrated the major impact of 
osteoporotic proximal humeral fractures on 
reduction of subjective patient-perceived health 
and functional disability [ 1 ].  

    Bone Mineral Density 
and Osteoporosis 

 Bone mass decline with in consequence low bone 
mineral density (BMD) and neuromuscular func-
tion diminishment with increased risk to fall are 
the major predisposing factors for occurrence of 
proximal humerus fractures [ 2 ,  10 ]. In conse-
quence after the menopause in women and, to a 
lesser extent, with advancing age in men low- 
energy traumas as a fall from standing height are 
suffi cient as mechanism of injury for three- 
quarters of all proximal humerus fractures [ 3 ]. 

 In the Western world osteoporosis, a chronic 
progressive disease with multifactorial etiology 
and silent course is the most common metabolic 
bone disease [ 3 ]. The main clinical manifesta-
tions are fragility fractures of the distal radius, 
proximal femur, thoracolumbar spine and proxi-
mal humerus. Signifi cant increase of proximal 
humerus fracture incidence in osteoporotic bone 
has been shown in several studies [ 3 ,  10 ].  

    Osteoporosis and Proximal 
Humerus Fracture Surgery 

 Osteoporosis not only raises the frequency of 
proximal humerus fractures. A lower trabecular 
bone density also leads to a reduced biomechani-
cal stability of the fractured bone [ 13 ] with in 
consequence a diminished mechanical stability of 

        I.  J.   Banke      
  Clinic of Orthopedics and Sports Orthopedics , 
 Klinikum rechts der Isar, Technical University 
of Munich ,   Munich ,  Germany   
 e-mail: ingo.banke@gmx.net  

  12

mailto:ingo.banke@gmx.net


76

internal (and external) fi xation. Diffi culty in sur-
gical treatment and intra- as well as postoperative 
complications signifi cantly increase [ 6 ]. In com-
bination with local BMD additional risk factors 

as age, nonanatomic reduction and insuffi cient 
restoration of the medial cortical support further 
signifi cantly rise the failure rate of internal fi xa-
tion in unstable proximal humerus fractures [ 6 ]. 

  Fig. 12.1    Anatomic reduction of osteopenic dislocated Neer type 4 impacted varus fracture of the proximal humerus 
with precontoured low profi le fi xed-angle locking plate and rotator cuff suture fi xation       
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 Various studies have shown that pullout 
strength of screws is highly dependent on BMD 
[ 12 ]. Conventional plate fi xations with spherical 
head screws are highly sensible for low BMD due 
to predominantly axial pullout forces. In contrast 
internal fi xators with fi xed-angle or polyaxial 
locking screws interact with axial and bending 
loads (Fig.  12.1 ). This is advantageous particu-
larly in low BMD due to the greater resistance 
against shear forces [ 12 ]. Screw positioning itself 
can infl uence the bone-to-implant biomechanical 
behavior as well, which is of special importance 
in low BMD [ 4 ].

   Delayed healing, non-union or simply implant 
cut out of the osteopenic bone (Fig.  12.2 ) mostly 
result due to prevention of dynamic bone contact 
caused by too rigid implants [ 11 ]. The high initial 
stiffness of rather rigid implants such as intra-
medullary nails and conventional plates leads to 
an early loosening and failure of the implant-
bone interface under biomechanical cyclic load-
ing [ 8 ]. In contrast implants with low stiffness 
and fl exible characteristics such as the newer pre-
contoured locking plates with suture augmenta-
tion (Fig.  12.1 ) minimize the peak stresses at the 
bone-implant interface [ 9 ]. This rather dynamic 

fi xation construct makes them favorable espe-
cially for osteoporotic bone fractures in the 
elderly population [ 8 ]. However despite the 
experimentally shown strong evidence of local 
osteoporosis on fracture fi xation implant anchor-
age in clinical studies this impact could not be 
directly reproduced yet. Lack of missing compli-
cation defi nitions, correct osteoporosis assess-
ment and unclear inclusion criteria are thought to 
be responsible for this. Prospective studies 
directly examining the correlation between local 
BMD and the fi xation failure risk are needed [ 5 ].

   In order to manage surgical diffi culties and 
avoid intra- and postoperative complications asso-
ciated with osteoporosis suffi cient preoperative 
assessment of the local bone quality is of utmost 
importance. This facilitates decision- making in 
the surgical treatment of patients sustaining proxi-
mal humerus fractures leading to better results.  

    Diagnostical Workup 

 The cornerstones of the preoperative fragility 
fracture workup are strictly based on a clinical 
setting where the time-span between initial 

  Fig. 12.2    Non-union with cranial screw cut out (indicated by  arrows ) of the osteopenic bone 9 months after anatomic 
proximal humerus fracture reduction       
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 radiological diagnosis of a proximal humerus 
fracture and its surgical treatment should be kept 
as short as possible in terms of morbidity and 
outcome [ 10 ]. 

    Trauma Mechanism 

 A history of low-energy trauma, especially in the 
elderly population is highly suspicious for an 
underlying osteoporotic fracture genesis.  

    Evaluation of Osteoporosis Risks 

 Beside age and gender, in the medical history 
individual risk factors as diseases or medications, 
alcohol usage or smoking contributing to a low 
BMD should be questioned. As osteoporosis 
itself has no symptoms, one should focus on con-
sequences of osteoporosis like an increased risk 
of fragility fractures. The skeletal history should 
include fractures and their healing in the past. 
Also chronic pain may be attributed to chronic 
fragility fractures. 

 In the physical examination signs of fragility 
fractures like a vertebral collapse, possibly pre-
senting with sudden back pain or radicular pain, 
hump or loss of height as well as deformities of 
the extremities or an impaired mobility could 
serve as a warning signal. As osteoporosis is a 
recognized complication in specifi c diseases and 
disorders also external signs of these 
 co- morbidities such as malnutrition, endocrine 
disorders like Cushing’s syndrome or hypogo-
nadal states should be assessed. 

 Blood evaluation should be performed rou-
tinely for serum electrolytes, calcium, total pro-
tein, albumin, kidney and liver parameters and 
thyroid-stimulating hormone. For detection of 
potentially underlying causes of a low BMD in 
patients with a suspicious history it may be tai-
lored enlarged with additional parameters such as 
phosphorus, magnesium, intact parathyroid hor-
mone, 25-hydroxy vitamin D, serum testosterone 

and complete blood count. However in a clinical 
setting these additional parameters should not be 
routinely assessed. 

 Dual-energy X-ray absorptiometry (DXA) for 
quantitative assessment of BMD plays no role in 
a preoperative setting. Nevertheless DXA is con-
sidered the gold standard for osteoporosis diag-
nosis and should be employed postoperatively for 
further diagnosis and therapy.  

    Conventional Radiography 

 For preoperative assessment of osteoporotic 
changes in the proximal humerus plain radiog-
raphy can be helpful. Prediction of local BMD 
via radiographs provides the most technically 
uncomplicated and cost-effective process for 
clinicians [ 10 ]. Thereby in anteroposterior 
radiographs the cortical thickness of the proxi-
mal humeral diaphysis may serve as a reliable 
predictor of local bone quality at the level of 
humeral head, surgical neck, greater and lesser 
tuberosity [ 14 ]. In general patients over 70 years 
show signifi cantly lower cortical thickness and 
local BMD than those under 70 years [ 14 ]. 
However for decision making regarding opera-
tive and non- operative treatment (spiral) com-
puted tomography imaging (CT) is more 
valuable [ 10 ].  

    Computed Tomography (CT) 

 Spiral CT is an established diagnostic tool for 
assessing local BMD in the spine. As CT scans 
display the preoperative imaging of choice in 
complex and/or low BMD proximal humeral 
fracture repairs they could be easily used at the 
same time for preoperative determination of local 
humeral BMD [ 10 ]. By calculating the average 
Hounsfi eld unit values in standardized regions of 
the proximal humerus and linear calibration 
equation to calculate from the obtained 
Hounsfi eld units to BMD, assessment of 
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 cancellous BMD of the proximal humerus is by 
principle possible with high intraobserver and 
interobserver reliability (intraclass correlation 
coeffi cient >0.9) [ 7 ]. In a clinical investigation 
with this method low local BMD has been shown 
to correlate with fracture fi xation failure [ 6 ]. 
However it still remains to be determined whether 
CT based local BMD assessment can be easily 
reproduced and effi ciently applied by clinicians 
in daily routine [ 10 ].   

    Preoperative Planning 

 When an underlying low BMD or osteoporosis 
in proximal humerus fracture is reasonably sus-
pected or confi rmed the thinking about correct 
treatment should deviate from standardized con-
cepts. Especially in osteoporotic three- and four- 
part fractures of the proximal humerus treatment 
is diffi cult lacking a common consensus of the 
best technique leading to the best outcome in 
elderly patients. The preexisting reduced bio-
logical fracture healing potential (diminished 
periosteal blood supply, osteogenic activity and 
immune defense) should not be further harmed 
by the approach, surgical exposition, reduction 
technique or choice of implant. Secondly a more 

stable fi xation is needed. (Low profi le) locking 
plates with routinely performed suture fi xation 
in the rotator cuff became more and more the 
treatment of choice even in cases with uncom-
plicated proximal humerus fracture (Fig.  12.3 ). 
However in osteoporosis minimally invasive 
reduction and implanting techniques should be 
favored. If percutaneous techniques with inter-
nal reduction are applied stability of fracture 
should not be neglected. Thirdly in the case of 
structural defects (biological) augmenting fi xa-
tion may be indicated. Various tailored therapeu-
tic augmentation concepts to fi ll the void in the 
humeral head are available from iliac crest bone 
graft, injectable resorbable calcium sulfate or 
phosphate and hydroxyapatite cement 
(Fig.  12.4 ), crushed cancellous allograft bone 
chips and intramedullary fi bular grafts [ 10 ]. 
Finally in severely displaced three- and four-part 
fractures or even comminuted fractures with 
high risk of humeral head necrosis due to an 
underlying low BMD and other comorbidities 
primary arthroplasty should be considered as 
well. If preoperative planning already involves 
organization of postoperative treatment range-
of-motion exercises producing a bending stress 
and avoiding axial stress should be favored early 
after operation [ 4 ].

  Fig. 12.3    Anatomic reduction of osteopenic uncomplicated impacted valgus fracture of the proximal humerus with 
precontoured low profi le polyaxial locking plate and rotator cuff suture fi xation       

 

12 Osteoporosis and BMD of the Proximal Humerus



80

        Summary 

 The osteoporotic proximal humeral fracture is 
challenging and the risk of insuffi cient fi xation 
with in consequence poor outcome evident. 
Fragility fracture workup with local BMD assess-
ment is of utmost importance for the choice of 
the best patient tailored fracture management. 
Preoperative determination of local BMD may be 
helpful especially regarding the need of addi-
tional (biological) augmentation. However if suc-
cessful surgical fi xation of the osteoporotic 
proximal humerus fracture is highly questioned 
or even not possible due to lacking anatomic 

reduction without medial cortical support repair 
primary arthroplasty should be chosen.     
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