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Abstract 
 
Bone mass declines and related bone fracture risks and events, such as those that occur at the hip joint, have been topics of 

great interest for first responders and others for many decades. However, the means of preventing bone loss or the 

development of osteoporosis associated with fractures at any site while receiving more clinical attention has yet been quite 

limited and fragmented with no definitive consensus and warrants persistent attention. In particular, given the failure of 

medical approaches in general to build bone safely, or ensure optimal rapid healing of a fractured bone, a focus on the 

emergent numbers of high age often frail adults and their fracture risk and ensuing disablement who may benefit from 

vitamin E containing foods, and their possible promise for fostering optimal bone modeling, and averting bone resorption 

are quite compelling. As such, we conclude subject to further study, an optimal intake of vitamin E based nutrients may 

help maximize bone status as well as repair across all levels of prevention and in accord with the Haddon Matrix Injury 

Prevention Framework of those key pre injury, injury, and post periods where optimizing bone health is of the utmost 

clinical importance.  

 

Keywords: Aging. Bone, Hip Fractures, Fracture Healing, Osteoporosis, Prevention, Rehabilitation, Vitamin E 

 



 

 

Background 

 
Bone, a specialized form of connective tissue vital for 

efficient load-bearing and mobility1 as well as serving as a 

key attachment site for muscles, tendons, joint capsules, 

and ligaments that interact to move the body parts, also 

houses an intrinsic neurovascular system and cell pathways 

and receptors that modulates bone metabolism balances and 

remodeling. However, in the face of pain, an injurious fall, 

as well as age associated bone diseases such as 

osteoporosis, there may be a generalized thinning of the 

bones that not only reduces overall functional and 

structural well-being, but significantly increases the risk of 

sustaining a fracture that can lead to immense physical 

challenges as well as profound negative psychosocial and 

economic outcomes. With very few intervention 

approaches that can safely prevent or delay the onset of the 

increasing risk of developing this increasingly widespread 

prevalent costly public health condition and its related 

excess morbidity and premature disablement process, as 

well as increased fracture risk, it appears a timely review of 

this public health realm of challenge that is projected to 

worsen incrementally by 2030 is strongly indicated. 

 

In this regard, while many articles refer to a role for 

vitamin D, as a bone status enhancer, here we examine the 

possible supplementary clinical role of vitamin E, an 

important antioxidant found to stimulate trabecular or 

cancellous bone formation,2 one of two types of bone 

investigated for some time in the realm of its bone turnover 

impacts, whether high or low.3 Supporting this line of 

inquiry is its key role in mediating optimum immune 

health, DNA repair, and signal transduction mechanisms 

that influence or regulate bone mass balances and quality4 

Moreover.  its presence may avert a possible fracture risk,5-

7 as well speed up and ensure optimal post fracture healing 

and recovery via its anti inflammatory antioxidant 

properties that impact bone remodeling.1 

 

However, despite a wealth of cumulative research, the 

efficacy of vitamin E in efforts to foster bone health and 

improve injury tolerance and fracture healing has not been 

robust or translated clinically in any realm even if this 

shows on balance a positive association between vitamin E 

and a host of bone protective and physiological 

associations.9,11,12 

 

While it is impossible to cover this extensive literature in 

one report, this current overview is an attempt to 

consolidate those insights, especially those accrued in the 

past 25 years that might be helpful both clinically, as well 

as in the context of emergency room visits, triage, 

screening, and educational practices.  

 

 

 

 
This topic seems especially important to investigate from a 

nutrition oriented biochemical view point, because vitamin 

E, while essential- is not synthesized by the human, and 

may need to depend upon external food sources. As well, 

research shows more than 93% of American adults may not 

meet the estimated average vitamin E requirement of 12 

mg/day,13 even though parallel research favors a role for 

vitamin E more often than not in efforts to optimize healing 

in non-surgical and surgical situations. Vitamin E studies 

further show a role for a diversity of vitamin E associated 

positive effects on bone biology, maintenance, repair, and 

regenerative processes.14-16 

 

As outlined in recent work10 it appears vitamin E presence 

can also mitigate osteoarthritis progression. a disease 

commonly associated secondarily with a hip fracture injury 

as a result of trauma or surgery. It can do this through 

strengthening the adjoining musculature, plus gene 

regulation, protection of the subchondral vasculature, and 

its anti-inflammatory properties that tend to improve the 

wear characteristics of highly crosslinked polyethylene and 

metal alloys in arthroplasty contexts post fracture that may 

otherwise be disabling and evoke dislocation of the 

prosthesis. In addition to its antioxidant and 

osteointegrative abilities the presence of vitamin E appears 

to mitigate postoperative arthrofibrosis and septic 

loosening often a concern in high age frail post hip fracture 

cases.  Its presence may thus mediate or moderate 

otherwise high chances of incurring; 

 

• progressive disability  

• chronic pain  

• a profound change in lifestyle 

• risk of a second hip fracture 

• a need for nursing home care 

• enormous health care costs   

 

As such, it appears safe to say that if obscured or 

overlooked in one or more ways either as a health 

determinant and functional correlate or as an anti oxidant, 

those older adults who remain vitamin E deficient may find 

themselves inadvertently at increased risk for both 

osteoporosis and injurious falls that culminates in a hip 

fracture often associated with high rates of malnutrition 

including too few foods containing vitamin E.18 As such, 

they may experience excessively disabling and poor trauma 

outcomes, even if their immediate care is delivered 

optimally. They may experience a slower than desirable 

protracted recovery rate, and increasing bone losses plus 

declines in physical function and bone healing and thus 

possible future health challenges, system usage and 

demands.19 
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Aims 
 

Given the strong global need to improve upon prevailing 

preventive and treatment strategies to counteract osteoporosis 

and bone fractures and to foster bone healing, in general, as 

indicated, and specifically at the hip joint, the present scoping 

review extends and incorporates a former one that covered 

data up to 2019. In addition to revising that data a sincere 

attempt was made to extract available recently published 

2020-2926 English language peer reviewed literature 

concerning the nature of the associations that appears to exist 

between bone health and vitamin E levels and as applied to 

hip fracture prevention and treatment. The key question was 

whether an updated review would provide more definitive 

data as to whether bone status can be mediated or moderated 

by vitamin E, for example can rendering key vitamin E 

containing foods made available to those at risk for bone 

disease, attrition, and hip fractures prove beneficial, as well as 

in those who have sustained one or more fractures. On the 

other hand, if vitamin E is deemed to be harmful to bone, 

efforts to reduce or eliminate vitamin E intake would appear 

reasonable to contemplate. A second aim was to examine if 

further research in this realm would be desirable as has been 

recently outlined.10 

 

Methods 
 

To establish what has unfolded over time the review targeted 

documents published predominantly over the past twenty five 

years i.e. January 1 2000-February 28, 2026. The search terms 

used to retrieve original studies and reviews were:  Vitamin E 

and Bone Health, Tocopherol and Osteoporosis, Vitamin E 

and Hip Fracture, Tocotrienol and Osteoporosis, the latter 

terms referring to the two key structurally related sub groups 

of vitamin E. Databases explored were: PUMED, Google 

Scholar, Science Direct, and PubMed Central. Studies that 

examined any form of vitamin E in the context of bone status 

were deemed acceptable, as were systematic reviews of 

related topics. No abstracts or foreign non-English articles or 

studies examining mechanisms of action or cellular based 

studies or the application of vitamin E post joint replacement 

surgery were analyzed. Among those research studies deemed 

relevant to the current aims, no restrictions were placed on the 

nature of the documented research designs, provided they 

addressed the major themes of present interest.  

 
After selecting the most relevant articles, the downloaded 

references were read carefully, and classified as being 

supportive of efforts to assess and intervene upon deficiencies 

in vitamin E or not. Studies were further categorized as being 

basic or clinical in nature, although the focus was on 

clinically conducted studies. In this regard, and after 

scrutinizing the available studies and their differing designs 

and research questions, it appeared that only a narrative 

overview would be suitable for reporting on these wide 

ranging approaches and research methods. 

However, by including the most up to date findings on this 

topic, plus an overview of prior work on vitamin E as 

deduced from a series of basic study approaches, a broad 

picture of the issues and conclusions that prevail 

concerning the clinical relevance of the current topic was 

anticipated. 

 
For consistency the terms used to describe the vitamin E 

substrate being discussed in the research were those 

reported by the authors, even though these were not 

necessarily strictly comparable across studies. While some 

studies may have been overlooked, it is believed this 

ensuing review is inclusive of almost all, if not all, 

currently relevant studies and reviews on the topic of 

vitamin E and bone health. 

 

Rationale 
 

In addition to aging processes, oxidative stresses brought 

on by prolonged chronic diseases, as well as cases 

receiving glucocorticoid therapy, tends to reduce bone 

growth and repair, bone structure antioxidant regulatory 

mechanisms, and their mechanical and molecular 

influences on bone structural properties and qualities.  

Nevertheless, although this pathogenic state attributed to 

the excess presence of free radicals that can promote 

osteoclastic activity and inhibit osteoblast activity, the 

antioxidant tocotrienol-  a vitamin E analogue- appears to 

offer protection against illnesses linked to free radicals, 

potentially including osteoporosis.20 Men with adequate 

vitamin E levels also tend to show better hand grip 

strength than deficient cases that might explain why this 

group is less likely to sustain a fragility fracture than those 

with sarcopenia or muscle mass declines.27 

 

Theoretical Model 
 

To alert researchers to factors contributing to injury 

incidence and severity, and the timing of these factors, 

William Haddon Jr. an injury scientist devised a matrix of 

broad categories of factors and phases of injury that we 

feel are highly relevant to bone maintenance, injury 

prevention, and healing potential, especially in the realm 

of personalized medicine. 

 

In this injury prevention approach a matrix of four 

columns and three rows combine to help envision the role 

of the host agent and environment in the three tier realm of 

primary, secondary, and tertiary injury prevention. More 

specifically, the factors defined by the columns in the 

matrix refer to the interacting factors that contribute 

conceptually and as closely as possible to the injury 

process. The host column refers to the person at risk of 

injury, such as a high age adult. The agent of injury refers 

to various possibly remediable energy impacts [for 

example mechanical energy impacts on bone that are 

transmitted to the host with low bone mass and forceful  
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contact with the ground]. Other factors such as personal 

[risky] behaviors and health status are additional potential 

explanatory vectors underpinning injurious bone mass 

disruption in this model.  Physical environments and their 

deterministic attributes further include all the characteristics 

of the setting in which the injury event takes place (for 

example an icy sidewalk or unsafe home. Social and legal 

norms and practices in the culture are referred to as the 

social environment determinants and can include poverty, 

alcohol consumption, or policies about narcotic agents often 

given to older adults 

[https://www.npaihb.org/images/epicenter_docs/injurypreve

ntion/HaddonMatrixBasics.pdf]. 

 

Through this aforementioned lens, we believe vitamin E can 

be seen as a life affirming mechanism that is cross cutting 

along all model dimensions as far as bone fragility or 

strength and health behaviors and the disruption of this are 

concerned. 

 

Clinical relevance   
 

A recent human study indicated a linear association between 

dietary vitamin E levels and osteoporosis in an older 

population in the United States.28 Other attributes can be 

uncovered with the assistance of the Haddon Matrix as can 

possible benefits be projected from counter measures as 

summarized in the findings section below. Proposed bone 

mediating mechanisms of action are vitamin E and its 

observed ability to maintain favorable bone gene 

expressions and anti-resorptive host properties25 that may 

influence vector effects, as well as key bone regulators 

favoring skeletal integrity/net bone mass increases and 

recovery post injury.29 

 

Key Literature Search Observations 

 
These include many pre clinical studies usually in a rodent 

model of bone attrition as opposed to naturally emerging 

osteoporosis. Clinical themes are less conclusive and highly 

diverse with more technical flaws than lab studies. 

 

Laboratory Based Studies 

 
As summarized below, vitamin E has been found to induce 

favorable bone building, antiosteoporotic impacts and bone 

remodeling processes quite consistently, regardless of model 

generated.19-21 A mechanistic  explanation moreover tends to 

support their clinical promise even if untested in man to any 

degree to date. In  addition the data cannot be readily 

applied because they vary in terms of type of vitamin E 

compound studied, assay method, mode and duration of 

delivery, the nature of the bone related correlates  

examined,22-24 animals examined, and their varying ages, 

method of producing osteoporosis and possible gender 

effects.  Moreover, some investigate only current or short  
 

term vitamin E cellular effects in general, others 

investigate the specific role of either tocopherols or 

tocotrienols that represent one of the two subgroups of 

vitamin E,25 others examined co-administration 

supplementary effects on bone loss, thereby possibly 

occluding the value of the unique vitamin E impacts.26 

 

These probable impacts include favorable  

 

▪ Bone remodeling/formation/regulation 

processes.2,19,29,34 

▪ Fracture/bone healing benefits.30-32,36, 37,40 

▪ Oxidative stress mitigation.33 

▪ Bone calcium homeostatis.35 

▪ Osteocyte membrane repair/survival.8 

▪ Reductions in risk of inflicted.37/late life 

osteoporosis.29,30,38,39-43,47 

▪ Tocotrienols based bone-promoting anti-

inflammatory and immuno-modulatory effects.29,44 

 

Clinically Related Observations 
 

Despite a strong imperative to go beyond lab models and 

pursue vitamin E bone association in the clinical realm, 

this current broad-based search of the literature revealed 

very few contemporary studies translating lab data to the 

bedside or whether vitamin E can avert, or optimize 

fracture healing. Moreover, the study findings that prevail 

in either case must yet be viewed with caution, because 

unlike animal studies that can more readily control for 

confounding factors and bone status, and can examine the 

trajectory of osteoporosis from its inception, many factors 

including health status, gender, age, food scarcity, and 

health behaviors, among others that impact bone health are 

much more challenging to control in the human context. 

 

As well, vitamin E dosage delivery and outcome measures 

employed in animal studies may be much more 

challenging to pursue in humans, especially considering 

the variations of body size, and prevailing bone health that 

may exist as well as dietary habits and access.  Follow up 

is also much more susceptible to attrition or the effects of 

history and other factors in the human condition. However, 

as in pre-clinical situations, Wong.44 who examined 

vitamin E bone interactions, concluded that tocotrienols, 

found in certain foods, do appear to have the potential to 

produce skeletal-promoting benefits, and do this by 

modulating the levels of osteocytes-derived bone-related 

peptides. Peng.45 found vitamin E, - especially tocotrienol- 

was able to alleviate IL-1, IL-6, RANKL, iNOS and hs-

CRP levels in relation to bone metabolism, denoting its 

anti-osteoporotic actions occur via its anti-inflammatory 

and immunomodulatory mechanisms. Shen.46 who 

explored the impact of tocotrienol [TT] supplementation as 

applied over a 12-week period on various bone markers 

among 89 postmenopausal women with osteopenia 

randomly assigned to three groups: 

 

 

 

.   
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Figure 1. Envisioned interactions between vitamin E and bone [Author]

bone trauma and should be more thoroughly examined in 

our estimation.19  

Even if results are hard to aggregate because the vitamin E 

isomer studied, as well as its dose in some cases are 

diverse,58 as are bone status indicators, in our view, 

vitamin E serum levels and their role in mediating bone 

status should be studied more carefully in the future using 

established bone biomarkers. At present, a beneficial bone 

loss prevention approach may be underutilized however, 

because current results are often based on poorly designed 

and open to bias studies that are under sized and test 

dissimilar associations and conditions and rarely high age 

adults and in reality has not improved in more than a 

decade as far as its frscture repair potential goes.17 

 

Moreover, heterogeneous samples that continue to be 

studied may not represent the high age adult needs, nor 

their potential health beliefs and possible confusion about 

categories and/or dosages of vitamin E and how these nay 

impact bone status as well as overall health status over 

time. In some cases, those patients studied who have 

already received vitamin E infused prosthetic femoral head 

joint replacement62 may prove confounding if not 

excluded. As well, the influences of lifestyle,  comorbid 

illnesses, pain status, inflammation, and genetic factors, 

plus the use of subjectively reported and aggregated 

dietary assessment data,9 unknown supplement purity and 

scheduling factors, plus the cross-sectional nature of most 

clinical studies [generally  the mode of inquiry 

underpinning most negative outcomes], unknown 

supplement type or incompatible types are some obvious 

additional research limitations that diminish  the salience 

of vitamin E as a bone status mediator or moderator in 

humans and where data on bone mineral density may 

depend on the site studied.18 

 

 

(1) placebo (430 mg olive oil/day),  

(2) low TT (430mg TT/day, 70% purity), and  

(3) and high TT (860mg TT/day, 70% purity),  

where the term TT referred to an extract of tocotrienol 

obtained from an annatto seed substrate, and that consisted 

of 90% delta-tocotrinol and 10% gamma-tocotrienol found 

the 12-week program of annatto-extracted tocotrienol 

supplementation decreased bone resorption and improved 

bone turnover rate, and that the osteoprotective effects were 

possibly mediated by a parallel inhibitory impact on 

oxidative stress. 

 

Discussion 
 

Years of research has shown that bone as a key structural 

tissue requires a variety of nutrients throughout life in order 

to develop and assume its vital functional roles.57 

Conversely, the idea that bone loss leading to an increased 

fracture and disability risk among many older individuals 

may be significantly affected by a variety of nutritional 

factors, such as vitamin E has been put forth but with non 

conclusive results.58,59 That is, despite a fairly robust health 

associated and emergent role for vitamin E, the body’s most 

important antioxidant,10 and one found to mediate a variety 

of anti oxidative processes that could potentially affect bone 

status adversely, the question of whether suboptimal vitamin 

E intake levels or availability or uptake or all of these 

factors has a bearing on human bone health, including the 

onset and progression of osteoporosis the issue of vitamin E 

supplementation remains unresolved. This is despite 

promising carefully controlled lab based studies generated 

in a number of animal models,1 and the basic established 

understandings of vitamin E intake and/or health as well as 

bone health,1 Its observed immunomodulatory and 

inflammatory actions42 against free radical damage1 may 

indeed be clinically beneficial in the face of unexpected  
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Concluding Remarks 
 

Notwithstanding the limited number as well as quality of 

clinical studies that focus on vitamin E and bone in the 

context of osteoporosis prevention and intervention, plus 

fracture healing, along with their oftentimes contradictory 

findings,73 we conclude: 

 

1.  A wide array of health promoting factors 

including those that influence bone are 

seemingly strongly influenced biologically by 

one or more vitamin E analogues.4,7 

2. Despite several contrary studies in both 

the laboratory as well as the clinical realms, 

the recent findings by Shen46 seem to provide 

an especially promising ray of progress in this 

area of clinical practice that remains 

challenging to otherwise address effectively at 

either a primary or a secondary prevention 

level.  

3. It appears specific tocotrienol 

supplementation can suppress bone resorption 

and oxidative stress levels in osteopenic 

women, a finding consistent with Muhammad 

et al.74 

4. In addition, research shows vitamin E may 

well orchestrate many fundamental bone 

building mechanisms at the molecular and 

cellular level that can account for its observed 

impact on bone,7,75 as well as influencing 

oxidant23,62 and inflammatory status.4,75 

5. Rather than relying on pharmaceutical 

drugs, vitamin E in various forms may prevent 

postmenopausal osteoporosis,74 as well 

nicotine-induced osteoporosis.16 

6. Sufficient vitamin E presence has the 

potential to avert, help avert, or reduce hip 

fracture disability, and promote bone 

healing,1,18,21,76-78 but may depend on food 

accessibility and presence of selected foods 

such as fats that mediate vitamin e activity.89 

 

Final thoughts and implied applications  
  

Our research leads us to believe, allied and geriatric health 

professionals can do much to alleviate suffering in them at 

aging clients at risk for bone mass declines and osteoporosis 

and hip fracture and with modest confidence from a vitamin 

E vantage point where its intake is deficient. They can 

carefully apply the Haddon Matrix to envision where the 

emphasis should be placed for an individual and examine 

any downside of failing to do this as outlined in Figure 1. At 

the same time, health related issues that have a bearing on 

bone status,47 including how vitamin E analogues have to be 

ingested within a fat substrate to potentially foster its uptake 

and associated bone cell status and structural strength 

outcomes. They can monitor their case load and intervene as  

 

 

 

 

indicated and based on all we know their actions are likely 

to prove especially insightful and desirable.78 

 

At the same time, the comparative efficacy of oral versus 

intramuscular vitamin E administration, and varying 

homologues of vitamin E on bone health, as assessed with 

carefully selected qualitative and quantitative bone marker 

variables that capture bones’ static as well as its dynamic 

parameters will similarly prove helpful in all likelihood 

despite challenges in doing this. Moreover, to minimize bias 

and achieve more dependable personalized insights, and the 

role of a variety of health factors, health behaviors, and 

medications more specific attention is warranted.57 

Researchers can especially help by controlling for additional 

bone mediating factors such as gender, vitamin E dosage-

associations, bone, hormonal, exercise, bone and smoking 

status,86,87 plus age, within a framework of prospective 

studies using robust design and timely validated analytic 

instrumentation principles that are undergirded by the 

Haddon Matrix organizing principles.88 

 

In the interim, we believe sufficient vitamin E evidence 

exists to guide and provide many older adults some degree 

of bone loss protection and prevention even in the pre frail 

adult90 and thereby avert a possible high fracture risk and its 

severity and ramifications at multiple levels. In addition, 

even if the mechanistic data in lab models may not translate 

to or replicate the ‘real world’ situation at all closely, doing 

something now for the aging populations most at risk for 

bone fractures who ‘can’t wait’ for assurances without risk 

is indicated in our estimation. Rather, clinicians who wish to 

prevent suffering can use both the prevailing evidence base 

alongside their judgment, clinical experience, and education 

in carefully weighing or weighting the pros of an older frail 

adult or younger at risk adult using vitamin E supplements 

or not, They can educate vulnerable adults about those foods 

that might influence bone remodeling and fracture risk and 

what can be recommended or cautioned against and can 

keep records of the anticipated outcomes and any indicated 

future adjustments.   

 

In addition to this, food quality and access as well as joint 

protection may prove important considerations in helping 

the most vulnerable adults who are likely to be 

malnourished and depressed, such as the recurrent faller and 

an actual hip fracture case. Vitamin E also has other health 

benefits other than supporting bone health directly, such as 

positively influencing aging muscle mass, strength and 

frailty risk that might otherwise impact bone health 

adversely.55 Vitamin E may also mitigate bone loss, 

improve bone formation in animal models of 

osteoporosis,26,63,64 as well as positively protecting bone and 

osteoblast mineralization in addition to cases of steroid 

induced osteoporosis,1,44 and bone loss in men undergoing 

androgen deprivation therapy.65 It may also help build bone 

from an early age,1 and preserve bone in instances where  
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skeletal unloading is indicated.66 Jn all the above scenarios, 

as per the need to preserve bone mass across many 

interacting forces, a brief one page understandable Fact 

Sheet on vitamin E and bone and best sources and mode of 

obtaining results may prove helpful to the client as well as 

their caretakers.   

 

Researchers in the interim can further explore vitamin E and 

its molecular actions as regards distinct bone cell pathways 

and measureable molecular and bone tissue impacts and 

what appears efficacious for averting negative bone 

impacted cardiovascular and hormonal states,65,67 as well as 

in aiding the treatment of age-related osteoporosis68 and 

bone fracture prevention and repair.83 

 

Testing whether preventing vitamin E deficiency may foster 

rather than impair bone calcium status,69 a crucial bone-

mediating factor, and the potential for removing free 

radicals via vitamin E infusion at time of surgery is 

hypothesized to preserve the artificial joint lining and inserts 

mechanical properties and wear behavior in vivo.  Indeed, 

excellent polyethylene wear behavior has been noted and 

should be studied further as perhaps bone itself can be 

directly infused in a similar way62 even if a null or noxious 

effect of vitamin E on bone status has been previously 

reported.57,70-73  
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