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Abstract
Summary  Osteoporosis, fragility fractures, and bone health optimization share the same pathophysiology, diagnostic tools, 
risk assessment, and treatments. Grouping them into “Lee’s TRIAD” allows surgeons and physicians to collaborate more 
efficiently, using unified principles and strategies for managing these conditions.
Purpose  The primary goal of osteoporosis management is to prevent fragility fractures, which occur from falls from standing 
height or less in individuals over fifty. However, the management of bone health optimization is often neglected in patients 
undergoing elective surgeries, such as arthroplasty and spinal surgeries. The objective of this article is to link all these three 
conditions into a TRIAD so that surgeons and physicians can collaborate more effectively, utilizing similar principles and 
strategies for better management.
Methodology  Clinical approaches based on country-specific guidelines are commonly used to manage osteoporosis. How-
ever, skeletal assessments are rarely conducted before or after elective procedures, leading to overlooked conditions such as 
osteoporosis, osteopenia, and fragility fracture risk factors. These three conditions are illustrated from the patient case study 
shown, to highlight the importance of not neglecting bone health optimization in high risk individuals undergoing elective 
surgery, with underlying osteopenia and multiple risk factors who sustained fragility fracture intraoperatively.
Result  Patients undergoing elective surgeries often have their bone health neglected, leading to a higher incidence of compli-
cations such as aseptic loosening and peri-prosthetic fractures due to poor bone quality and density. Bone health assessment 
and optimization therefore is essential in patients with osteoporosis, osteopenia with clinical risk factors, and patients with 
history of fragility fracture, to ensure implants sit on bone with good density and quality to minimize the complications.
Conclusion  By combining osteoporosis, fragility fractures, and bone health optimization into a TRIAD, “Lee’s TRIAD,” 
surgeons and physicians can collaborate more effectively, utilizing similar principles and strategies for better management.
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Introduction

Osteoporosis is a systemic skeletal disorder characterized by 
diminished bone strength, which encompasses both bone den-
sity and bone quality. This condition predisposes individuals, 
particularly those over 50 years old, to an increased risk of 
fractures, commonly referred to as fragility fractures. A fragil-
ity fracture, often resulting from a fall from standing height 
or less, is the hallmark of osteoporosis and serves as a critical 
indicator of the disease’s severity. However, the implications 

of osteoporosis extend beyond these fractures, influencing 
outcomes in elective orthopedic surgeries, such as hip and 
knee arthroplasties and spinal stabilization procedures.

Elective orthopedic patients, particularly those with oste-
oarthritis, frequently present with undiagnosed or untreated 
osteoporosis. The absence of proper skeletal assessment and 
bone health optimization before surgery can lead to sub-
optimal outcomes, including poor implant fixation, aseptic 
loosening, and periprosthetic fractures. These complications 
not only compromise the longevity of the implants but also 
significantly affect the patient’s quality of life. Therefore, 
it is imperative that orthopedic surgeons adopt a compre-
hensive approach to bone health, integrating osteoporosis 
management, fragility fracture prevention, and bone health 
optimization into routine practice.
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Patient case

Madam MYC, a 67-year-old woman with known rheumatoid 
arthritis, had been treated with DMARDs and prednisolone 
by her rheumatologist for many years. She presented with 
severe pain in both knees and was unable to bear weight. 
Her quality of life and functional status had significantly 
deteriorated, and she had been housebound for almost 
6 months. X-rays of both knees were performed, revealing 
severe osteoarthritis with marked narrowing of the joint 
spaces. The X-rays also showed poor bone quality with thin 
cortical bone.

X ray Right knee

X Ray Left Knee

As part of the skeletal assessment before surgery, bone 
mineral density (DXA scan) was done on lumbar spine and 
left hip.

Her lumbar spine bone mineral density has a T-score 
of − 2.7 which was osteoporosis. The left hip bone mineral 
density has a T-score of − 2.1. Using FRAX with Malaysia 
reference (there are 3 different ethnic options for Malaysia), 
her 10-year hip fracture risk is 8–10% and her major fracture 
risk ranged from 19 to about 30%. According to Malaysian 
Osteoporosis Society Clinical Practice Guideline, anti-
osteoporosis medication should be recommended when the 

10-year hip fracture risk is 3% or above or major fracture 
risk is 20%.

Madam MYC underwent bilateral total knee replace-
ment surgery. Intra-operatively, her bone quality was noted 
to be very poor (corresponded to the DXA result show-
ing osteoporosis). During the preparation of the joints for 
implant insertion, minimal resistance was encountered 
while resecting the distal femur and proximal tibia.

Intraoperative findings of distal femur and patella  

Right knee surgery was straight forward without any 
technical difficulty. Total knee replacement was done with-
out any complication. While preparing the intercondylar 
notch of left femur for intramedullary guide, just with a 
light knock of the intercondylar notch with small oste-
otome, a crack propagating from the inter-condylar notch 
to lateral supracondylar was seen. Buttress plating with lag 
screw fixations on the inter-condylar fracture was done. 
Left total knee replacement was done following fracture 
fixation without difficulty.

X ray showed left total knee replacement with buttress
plating fixation of the intercondylar fracture
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Post-operatively, Madam MYC underwent the same 
rehabilitation program as any other patient who has under-
gone bilateral total knee replacement. She was able to bear 
weight immediately on both knees, initially walking with 
a frame for a short period of time, followed by using a sin-
gle walking stick. She achieved a full range of movement 
within a month after her surgeries.

Madam MYC has multiple risk factors, including rheu-
matoid arthritis and a history of treatment with DMARDs 
and prednisolone. Her pre-operative DXA showed oste-
oporosis which correlate well with the intra-operative 
assessment, which revealed very poor bone quality. She 
sustained an intra-operative iatrogenic fracture of the 
distal femur even with a very light knock to the inter-
condylar region. This can be classified as a fragility frac-
ture. Subcutaneous romosozumab 210 mg monthly was 
initiated before she was discharged from the ward. She 
completed the 1-year course of romosozumab and sub-
sequently started long-term subcutaneous denosumab 
60 mg. Her lumbar spine BMD showed a 9.3% increase, 
and her hip BMD increased by 4.2% after completing the 
romosozumab.

Osteoporosis: the silent epidemic

Osteoporosis is a systemic skeletal disease characterized 
by low bone mass and microarchitectural deterioration of 
bone tissue that leads to bone fragility and a consequent 
increase in fracture risk [1]. Osteoporosis is often referred to 
as a “silent epidemic” because it progresses without symp-
toms until a fracture occurs. The World Health Organization 
(WHO) defines osteoporosis based on bone mineral density 
(BMD) measurements obtained through dual-energy X-ray 
absorptiometry (DXA). A T-score of − 1 to − 2.5 is classified 
as osteopenia, indicating low bone mass, while a T-score 
of − 2.5 or lower signifies osteoporosis. When a fragility 
fracture is present in conjunction with a T-score of − 2.5 or 
lower, the condition is termed severe osteoporosis [2].

Diagnosis of osteoporosis based on WHO definition of 
T-score on DXA scan is well established. Bone mineral den-
sity (BMD) using dual-energy X-ray absorptiometry (DXA) 
is an important predictor for fragility fracture. However, the 
reliability of DXA results is very operator-dependent. Per-
forming a quality DXA includes correct methods of acqui-
sition and interpretation of the scans performed, with the 
region of interest (ROI) plotted correctly. There are many 
artifacts which can give rise to false negative or false posi-
tive results. Presence of facet joint arthritis, calcified aorta, 
and anterior compression fracture of vertebra give rise to 
false negative results.

Despite the reliance on BMD for diagnosis, it is essential 
to recognize that BMD alone does not fully capture frac-
ture risk. Most fragility fractures occur in individuals with 
BMD values in the osteopenic range, highlighting that fac-
tors beyond bone density contribute to bone strength. Bone 
quality, which includes trabecular microarchitecture, the 
thickness of the vertical struts and horizontal plates, the 
connectivity of the trabeculae, cortical thickness, and bone 
turnover, plays a crucial role in determining bone strength 
and fracture risk.

The concepts of BMD and bone quality are well estab-
lished, well understood, and widely accepted in the under-
standing of the pathogenesis, pathophysiology, and treat-
ment of osteoporosis. All aspects of osteoporosis, including 
risk assessment, diagnosis, and treatment, are based on 
BMD and bone quality. FRAX, the tool used to predict the 
10-year probability of hip fracture and major osteoporotic 
fractures, incorporates various clinical risk factors with or 
without femoral neck bone mineral density. FRAX Plus, the 
latest version of FRAX, further refines the clinical risk fac-
tors, such as glucocorticoid dose, the duration of diabetes 
mellitus, the recency of fragility fractures, hip axis length, 
lumbar spine BMD, and others.

Trabecular bone score (TBS) is a grey-level textural 
measurement usually obtained from conventional lum-
bar spine dual-energy X-ray absorptiometry (DXA) BMD 
images, providing a validated index of bone microarchitec-
ture that correlates with the mechanical properties of bone 
[3–8]. TBS, which measures the degradation of bone, is used 
in some facilities to assess poor bone quality, particularly in 
patients with diabetes mellitus. The addition of TBS assess-
ment to FRAX and/or BMD enhances fracture risk predic-
tion in both primary and secondary osteoporosis, providing 
valuable information for treatment decision-making and 
monitoring [9].

Quantitative CT (QCT) scans using Hounsfield units 
(HU) are also used to diagnose osteoporosis. HU values 
can be determined for any region of interest using standard 
imaging software and strongly correlate with bone mineral 
density. A threshold of less than 135 HU for the L1 vertebral 
body indicates a risk for osteoporosis [10].

The advent of tools such as the trabecular bone score 
(TBS) and quantitative CT (QCT) has enhanced our ability 
to assess bone quality. TBS, derived from DXA images, pro-
vides an index of bone microarchitecture, offering insights 
into trabecular connectivity and structure. QCT, on the other 
hand, allows for three-dimensional assessment of bone den-
sity and quality, with Hounsfield units (HU) correlating 
strongly with BMD. These advancements enable a more 
nuanced assessment of fracture risk and guide therapeutic 
decisions, particularly in cases where BMD alone may not 
provide a complete picture.
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Fragility fractures: a clinical and public 
health concern

Fragility fractures are defined as fractures sustained follow-
ing a fall from standing height or less in individuals aged 
50 years and above. Some fragility fractures occur without 
any injury, such as anterior compression fractures of the 
vertebrae, which can happen spontaneously.

Fragility fractures are a major clinical and public health 
concern, particularly in the aging population. The most com-
mon sites for fragility fractures include the hip, distal radius, 
proximal humerus, vertebrae, and pelvis. These fractures not 
only cause significant morbidity but also increase the risk 
of subsequent fractures, creating a cycle of worsening bone 
health and escalating fracture risk.

Distal radius fractures, often the first sign of underlying 
bone fragility, typically occur in individuals in their 50 s 
following a fall on an outstretched hand. While many of 
these fractures are treated conservatively with immobiliza-
tion, some require surgical intervention, particularly when 
displacement is significant.

Vertebral compression fractures, which commonly occur 
in individuals in their 60 s, are often spontaneous and may 
result in chronic pain, loss of height, and kyphosis (Dowa-
ger’s hump). These fractures are associated with a signifi-
cant increase in morbidity and mortality, comparable to hip 
fractures.

Hip fractures, which predominantly affect individuals in 
their 70 s and 80 s, carry the highest mortality rate among 
fragility fractures, with first-year mortality rates approaching 
25%. The complications arising from hip fractures, includ-
ing immobilization, pneumonia, pressure ulcers, and uri-
nary tract infections, contribute to this high mortality rate. 
Moreover, hip fractures often lead to permanent disability, 
with many patients requiring long-term use of walking aids 
or becoming homebound or bedbound.

Fractures involving the proximal humerus in the shoul-
der are also common following a fall on an outstretched 
hand or direct impact on the shoulder. Most proximal 
humerus fractures are treated conservatively. Some dis-
placed fractures of the proximal humerus are surgically 
treated, either with plates and screws or through arthro-
plasty. Frequently, the range of motion in the shoulder is 
compromised following proximal humerus fractures.

Fractures involving the knee joint (distal femur and 
proximal tibia) or distal tibia (around the ankle) are also 
commonly seen. Distal femur fractures account for 4–6% 
of osteoporosis-related femur fractures in the elderly 
population. They are a significant cause of morbidity and 
mortality in geriatric patients, with a reported 1-year mor-
tality rate reaching 30% [11]. Fractures around the knee 
joint often involve the intra-articular surfaces of the femur 

or tibia and require open reduction and internal fixation. 
Fractures around the ankle may disrupt the ankle mortise, 
leading to an unstable ankle, which also requires open 
reduction, internal fixation, and stabilization.

The concept that “fracture begets fracture” underscores 
the importance of early intervention in patients with fragil-
ity fractures. A first fracture significantly increases the risk 
of subsequent fractures, particularly within the first year. 
This phenomenon highlights the critical need for second-
ary fracture prevention strategies, which aim to reduce the 
risk of further fractures in individuals who have already 
sustained one.

Hip fractures are often considered the end result of a 
30-year progression of multiple fragility fractures, begin-
ning with distal radius fractures in the fifties, followed by 
vertebral or proximal humeral fractures in the sixties, and 
culminating in hip fractures in the eighties [12].

It is well documented that a first osteoporotic fracture 
significantly increases the risk of further fractures, with an 
overall increased risk of 86% for any fracture in patients 
who have already experienced a break [13]. Patients with 
multiple baseline fractures have a new fracture incidence 
of 17.3%, compared to 10.4% for those with one base-
line fracture (p = 0.007) [14]. After a fragility fracture, a 
woman is five times more likely to suffer another fracture 
within 1 year, and her risk remains elevated over time if 
left untreated [15]. Compared to the risk of a first frac-
ture, the relative risk of a subsequent fracture is highest 
in the first year after the initial fracture (RR 5.3; 95% CI 
4.0–6.6) [15]. An incident fragility fracture is associated 
with an increased risk of a subsequent fracture occurring 
within 1–2 years [16]. Very high fracture risk (VHFxR) 
has long been recognized as an indication for osteoporosis 
pharmacotherapy [17].

Bone health optimization: a comprehensive 
approach

Bone health optimization (BHO) represents a paradigm 
shift in orthopedic practice, emphasizing the importance 
of optimizing bone health before, during, and after elec-
tive orthopedic surgeries such joint replacement and spinal 
stabilization and instrumentation surgeries. As a result of 
population aging and patient demand for improved mobil-
ity, it is projected that the number of total knee arthro-
plasty (TKA) and total hip arthroplasty (THA) procedures 
will increase by about 400% and 300% respectively by 
2040 such that joint replacement will be the most com-
mon elective surgical procedure [18]. With the increasing 
demand for elective surgeries such as total knee arthro-
plasty (TKA), total hip arthroplasty (THA), and spinal 
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surgeries, there is a growing recognition of the need to 
address underlying bone health to improve surgical out-
comes and implant longevity.

The average age of THA and TKA is in the 60 s [19]; 
it could be expected that osteoporosis would be common 
in patients undergoing these procedures. Consistent with 
this, in about 2000 largely female patients who obtained 
DXA the day prior to TKA, an osteoporosis prevalence 
of 50% was observed [20]. In a smaller cohort of patients 
scheduled for THA, osteoporosis was present in 18% and 
osteopenia in 41% [21].

TKA induces substantial distal femur bone loss of about 
15% within 6 months postoperatively [22]. Additionally, 
falls are common in older adults osteoarthritis prior to 
and following arthroplasty with fall rates in the first year 
following TKA ranging up to 43% and 36% for THA [23].

Arthritis patients may become deconditioned due to 
pain and the resulting functional loss prior to arthro-
plasty surgery. This can lead to negative consequences on 
both bone mass and muscle strength, further increasing the 
risk of falls and fractures.

With the proper surgical approach, technique, and implant 
selection, joint replacement implants can last for more than 
10 to 20 years. However, many patients experience implant 
loosening and failure earlier than expected. Periprosthetic 
fractures, which occur adjacent to the implant after a fall 
from standing height in individuals who have undergone 
joint replacement surgery, are also considered fragility 
fractures. Periprosthetic fractures and aseptic loosening are 
associated with very high morbidity and mortality. Revision 
surgeries for implant loosening and periprosthetic fractures 
present significant technical challenges, often leading to 
more bone loss, higher complication rates, and more dif-
ficult post-operative rehabilitation.

Bone health optimization (BHO), which involves 
improving bone density and quality before and/or after 
elective orthopedic surgery, is a clinical approach that 
should become the standard of care in orthopedic practice. 
Patients who present to orthopedic surgeons for elective 
procedures, such as those with severe knee and hip osteo-
arthritis, lumbar spinal spondylosis, or spondylolisthesis 
with spinal instability, often require elective arthroplasty 
of the knees and hips or spinal instrumentation and stabi-
lization surgery. Bone health optimization aims to enhance 
the implant-bone interface by improving bone density and 
quality. Often, underlying osteoporosis or osteopenia with 
high fracture risk is neglected. As bone density and quality 
deteriorate over time, implants may not remain firmly and 
steadily seated in the bone. This can lead to aseptic loos-
ening and periprosthetic fractures, resulting in a higher 
rate of revision surgeries as the longevity of implants is 
compromised due to poor bone density and quality.

Pre-operative skeletal assessment is a critical component 
of BHO. Patients scheduled for elective orthopedic surger-
ies should undergo thorough evaluation to identify those at 
risk for osteoporosis and fragility fractures. This assessment 
should include DXA, FRAX® scoring (a tool that estimates 
the 10-year probability of hip and major osteoporotic frac-
tures), and, where available, TBS and QCT. Identifying 
patients with osteoporosis or osteopenia and associated 
clinical risk factors allows for timely intervention to improve 
bone quality before surgery. Treatment of underlying osteo-
porosis or osteopenia with clinical risk factors or preexisting 
fragility fracture is necessary to improve bone quality and 
density before elective surgery, provided that the elective 
surgery can be delayed and do not need immediate surgical 
intervention.

Intervention strategies in BHO include both pharmaco-
logical and non-pharmacological approaches. Pharmacologi-
cal treatments, such as anabolic agents (e.g., teriparatide, 
romosozumab) and anti-resorptives (e.g., bisphosphonates, 
denosumab), are used to enhance bone formation and reduce 
bone resorption, respectively. In the pre-operative period, 
patients with diagnosed osteoporosis or high fracture risk 
should receive treatment with these agents to improve bone 
density and quality. For patients with severe arthritis or 
spinal conditions where surgery cannot be delayed, sur-
gery should be carried out with extra care to avoid intra-
operative iatrogenic fracture. Post-operatively, they should 
undergo post-operative bone health optimization. Pharmaco-
logical treatment should be instituted to treat the underlying 
osteoporosis.

Intra-operative care is equally important in BHO. Sur-
geons must take extra care in handling bones during surgery, 
particularly in patients with poor bone quality. The selection 
of implants should be tailored to the patient’s bone health 
status, with cemented implants often preferred in those with 
severe osteoporosis to provide primary stability and facili-
tate early weight-bearing. Augmentation techniques, such 
as cementing or bone grafting, may also be employed to 
improve the implant-bone interface.

In some patients who have undergone elective arthro-
plasty or spinal surgeries, pre-operative skeletal assessment 
does not review osteoporosis or osteopenia with clinical risk 
factors. However, intra-operative findings have revealed poor 
bone quality and density, with minimal resistance to instru-
mentation or poor purchase of the bone-implant interface. 
These patients should receive bone health optimization to 
improve the underlying bone quality and density.

Post-operative management is a continuation of BHO, 
with ongoing pharmacological treatment and monitoring of 
bone health. Patients who have received pre-operative treat-
ment should continue the same regimen post-operatively, 
while those identified intra-operatively as having poor bone 
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quality should be initiated on appropriate therapy. Post-oper-
ative follow-up should include re-assessment of fracture risk 
and adjustment of treatment as needed to ensure long-term 
bone health. Therefore, bone health optimization (BHO) 
is not limited to pre-operative assessment and intervention 
alone as what was reported in many other studies. It encom-
passes more, at three different stages, pre-operative, intra-
operative, and post-operative. The process of BHO includes 
identification, investigations, and intervention before, dur-
ing, and after surgery.

Clinical practice guidelines recommend 1–2 years of 
osteoanabolic therapy (e.g., 12 months of romosozumab or 
18–24 months of teriparatide or abaloparatide) to rapidly 
increase bone mass and reduce fracture risk. The resulting 
BMD gains should be consolidated (i.e., preserved or further 
increased) by follow-on therapy with potent antiresorptives 
such as amino-bisphosphonates (BPs, e.g., alendronate or 
zoledronic acid) or denosumab (DMAb) [24].

Fracture risk should be re-evaluated thereafter to deter-
mine the need for continued therapy; if fracture risk remains 
high, consider additional treatment with potent anti-resorp-
tives or re-treat with osteoanabolics. If fracture risk is suf-
ficiently reduced, bisphosphonate therapy may be stopped 
or temporarily suspended, though discontinuation of deno-
sumab without another follow-on therapy (e.g., bisphos-
phonate or romosozumab) leads to rapid bone loss and an 
increased risk of vertebral fractures [24].

Lee’s TRIAD: integrating osteoporosis, 
fragility fractures, and BHO

The TRIAD concept, which integrates osteoporosis, fragil-
ity fractures, and bone health optimization, offers a holistic 
approach to managing patients at risk for poor bone health 
outcomes. By addressing these three interconnected aspects 
of bone health, orthopedic surgeons can improve surgical 
outcomes, reduce the incidence of revision surgeries, and 
enhance the overall quality of life for their patients.

Osteoporosis, fragility fractures, and bone health optimi-
zation are interrelated based on the principles of bone den-
sity and quality deterioration, leading to fragile bones that 
break easily with minimal trauma or even without significant 
injury. Patients undergoing elective surgeries, such as total 
knee and total hip arthroplasty or spinal instrumentation, 
might already suffer from underlying osteoporosis or osteo-
penia with clinical risk factors. Therefore, these patients 
warrant a thorough approach, including proper skeletal 
assessment and pharmacological intervention before and/
or after surgery.

The basic principles of bone health optimization (BHO) 
management are similar to those for managing osteoporosis 

and fragility fractures. Most clinical guidelines worldwide 
categorize patients into low risk, high risk, and very high-
risk categories. Anti-resorptive agents, such as denosumab 
and bisphosphonates, are recommended as the first line of 
treatment for the high-risk category. Anabolic agents, such 
as romosozumab and teriparatide, are recommended as the 
first line of treatment for the very high-risk category. This 
paradigm shift towards using anabolic agents as the first 
line of treatment for very high-risk patients has been well 
accepted worldwide. After completing treatment with an 
anabolic agent, sequential therapy with an anti-resorptive 
agent is recommended.

Treatment with anabolic agents first provides faster and 
greater gains in bone mineral density compared to starting 
with anti-resorptive agents. The sequence of using ana-
bolic agents followed by anti-resorptive agents also results 
in better changes in bone mineral density than using anti-
resorptive agents first. Anti-resorptive agents suppress 
bone turnover, and starting with them before switching to 
anabolic agents provides a slower response to the anabolic 
treatment. There is a window period where bone mineral 
density changes can be observed after transitioning from 
anti-resorptive agents to anabolic agents.

Osteoanabolics are increasingly used as the first-line 
treatment for patients with very high fracture risk (VHFxR) 
because they are superior to anti-resorptives for rapidly 
increasing bone mineral density and reducing fracture risk 
[25–28]. They also produce greater BMD gains when used 
before rather than after anti-resorptives [29]. Potent anti-
resorptive agents, such as denosumab (an anti-RANKL anti-
body) and zoledronic acid (an intravenous bisphosphonate), 
are also recommended options for patients with VHFxR 
[30].

The same principles, identification, investigation, and 
interventions using pharmacological agents apply to the 
management of osteoporosis, fragility fractures, and bone 
health optimization. Bone health optimization (BHO) is not 
a new concept but reinforces what should be done in daily 
orthopedic practice for patients presenting for elective sur-
geries, including those who have not been diagnosed with 
osteoporosis, those diagnosed but untreated, and those who 
do not have fragility fracture. They present to us with elec-
tive orthopedic conditions and planned for elective surgeries.

Key components of Lee’s TRIAD

1.	 Osteoporosis: Recognize and treat osteoporosis in all 
patients undergoing elective orthopedic surgeries. Use 
DXA, FRAX®, TBS, and QCT to assess bone health and 
identify those at risk. This depends on the availability 
and accessibility of the methods of skeletal assessment. 
It also depends on the local clinical practice guideline.
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2.	 Fragility fractures: Implement secondary fracture pre-
vention strategies in patients with a history of fragility 
fractures. Early intervention is crucial to prevent subse-
quent fractures, particularly within the first year. Patients 
with history of fragility fractures warrant special care to 
assess their skeletal health and receive appropriate anti-
osteoporosis therapy either pre or post-surgery.

3.	 Bone health optimization: Incorporate BHO into routine 
orthopedic practice and should be the standard of care 
in our daily orthopedic practice. Optimize bone health 
before, during, and after surgery to improve implant 
stability and reduce the risk of complications such as 
aseptic loosening and periprosthetic fractures.

Key practice points for orthopedic surgeons

1.	 Routine skeletal assessment: Ensure that all patients 
scheduled for elective orthopedic surgeries undergo 
comprehensive skeletal assessments, including DXA, 
FRAX® scoring, and TBS or QCT where available.

2.	 Early pharmacological intervention: Initiate pharmaco-
logical treatment in patients diagnosed with osteoporo-
sis or those at high fracture risk. Use anabolic agents 
or anti-resorptives to improve bone density and quality 
before surgery.

3.	 Intra-operative care: Select appropriate implants based 
on the patient’s bone health status, considering cemented 
implants and augmentation techniques in those with 
poor bone quality to enhance implant stability.

4.	 Post-operative monitoring and treatment: Continue 
pharmacological treatment post-operatively and reassess 
fracture risk regularly. Adjust treatment regimens based 
on the patient’s response and ongoing fracture risk.

5.	 Patient education and counseling: Educate patients about 
the importance of bone health and the risks associated 
with osteoporosis, particularly in the context of elective 
orthopedic surgeries. Encourage adherence to prescribed 
treatment regimens and lifestyle modifications.

6.	 Interdisciplinary collaboration: Collaborate with endo-
crinologists, geriatricians, and fracture liaison ser-
vices to provide comprehensive care for patients with 
osteoporosis and fragility fractures. Interdisciplinary 
management ensures that all aspects of bone health are 
addressed, leading to better outcomes.

Conclusion

Osteoporosis is a prevalent and often underdiagnosed con-
dition that significantly impacts the outcomes of elective 
orthopedic surgeries. The Lee’s TRIAD approach—combin-
ing osteoporosis management, fragility fracture prevention, 

and bone health optimization—provides a comprehensive 
strategy to improve patient outcomes. By integrating these 
three components into routine practice, orthopedic surgeons 
can enhance the quality of care for their patients, reduce the 
incidence of surgical complications, and ultimately improve 
the long-term success of orthopedic interventions.
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