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Abstract 
Objectives: Distal radius fractures (DRF) account for the greatest percentage of upper limb fractures. Osteoporosis and hypovitaminosis D have 

been associated with increased risk of minimal trauma DRF, however there is limited data regarding their impact on the severity of DRF. The aim of 
this study was to evaluate whether osteoporosis and vitamin D levels influenced the severity of minimal trauma distal radius fracture as measured 
by AO/OTA classification, treatment received and functional outcomes. 

Methods: This is a prospective cohort study consisting of 45 patients over the age of 50 who presented with minimal trauma DRF. Bone mineral 
density (BMD) and serum vitamin D levels were obtained in conjunction with routine patient care, whilst fractures were evaluated using the AO/OTA 
classification on plain film. Patients completed the DASH and PRWE questionnaires at least 12 months post injury.

Result: 18 of the 45 patients were found to be osteoporotic, with only 3 being known osteoporotic prior to their DRF. There was no association 
between BMD and serum vitamin D in this population (P = 0.257). Osteoporosis or hypovitaminosis D did not impact the classification of fracture, 
treatment received or long-term functional outcomes. 

Conclusion: BMD and serum vitamin D levels do not appear to influence the severity of DRF in patients with minimal trauma injury over the age 
of 50. Vitamin D was not a strong predictor of BMD in this cohort, with socioenvironmental factors a potential reason. Minimal trauma DRF should 
be utilised as an early opportunity to screen for osteoporosis.

Level of Evidence: Level II
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Introduction
Osteoporosis is a metabolic skeletal disease hallmarked by low 

bone density and alteration of bone microarchitecture. This occurs 
due to the disruption in bone resorption and remodelling [1,2]. 
Despite being identified as a significant burden on the Australian 
health system, costing AUD $3.44 billion in 2017, osteoporosis 
remains largely ignored in primary health services [3]. Due to 
the reduced strength of bone in osteoporosis, the characteristic  

 
clinical manifestation of osteoporosis is minimal trauma fractures 
– fractures resulting from trauma equal to or less than a fall from 
standing height [4]. This is of particular concern in the elderly, 
with studies demonstrating osteoporotic fractures as major causes 
of hospitalisation and reduced quality of life [5,6]. Distal radius 
fractures (DRF) account for the greatest percentage of upper limb 
fractures, with trends highlighting an increase in incidence [7]. 
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Despite DRF not being as strongly associated with osteoporosis 
as hip or vertebral fractures, they predict the risk of future fractures, 
especially in the elderly [2]. Despite overwhelming evidence of the 
cost effectiveness of implementing strategies to prevent future 
fractures, osteoporosis diagnosis and management following DRF 
is frequently overlooked [8].

DRF can be classified on the anatomical location of the fracture 
with involvement of the articular surface. The AO Foundation/
Orthopaedic Trauma Association (AO/OTA) classification 
categorises DRF into 3 major categories: completely extraarticular 
(type A), partially articular (type B) and completely intraarticular 
(type C) [9]. Intraarticular fractures, compared to extraarticular 
fractures, are associated with increased long-term complications 
including posttraumatic osteoarthritis due to articular surface 
disruption [10]. 

Management of DRF aims to reduce the fracture, promote 
bone healing, and restore function through either conservative 
or surgical options. Conservative management involves closed 
reduction and use of immobilization via casts and/or splints [11]. 
Surgical intervention, which includes open reduction and internal 
fixation (ORIF) or external fixation, has conventionally been 
viewed as more extreme due to the associated risks compared to 
conservative management [12]. Complication rates and a greater 
tendency for surgical intervention mean that intraarticular fractures 
are generally considered to be more severe than extraarticular 
fractures. 

There are evident gaps in the literature in relation to 
osteoporosis status, serum vitamin D and their association with 
DRF classification, modality of treatment and functional outcomes. 
This study aims to analyse the correlation between bone health 
and severity of DRF in patients with minimal trauma injuries who 
present to a major tertiary hospital. Primarily, the objective is to 
evaluate osteoporosis as a risk factor for severity of DRF as measured 
by AO classification and modality of treatment received by patients. 
The secondary aim of this study is to evaluate the relationship of 
vitamin D status and severity of DRF, as well as its association with 
BMD in this cohort. Lastly, this study aims to explore any possible 
association of osteoporosis and hypovitaminosis D on long term 
functional outcomes.

Methods

Participants

This prospective cohort study examined patients presenting 
with a fracture of the distal radius to a tertiary level hospital. A total 
of 208 DRF patients were screened from June 2018 to April 2020. 
Patients over the age of 50 with a minimal trauma fracture – fractures 
resulting from trauma equal to or less than a fall from standing 
height [4] of the distal radius and subsequent BMD scan were 
included in this study. Exclusion criteria were fractures sustained 
from substantial trauma and those who had not consented to the 

study. 45 patients were included in this study. An age restriction of 
50 was used as it is the primary recommendation for a presumptive 
diagnosis of osteoporosis [13]. Ethics was obtained for this study 
(Medical Research Council, HREC/17/QGC/162), with all patients 
providing informed consent to the participation in this study.

Bone Mineral Density

BMD was evaluated using dual-energy X-ray absorptiometry 
(DEXA scan). Patients were referred for DEXA scans as part of 
routine care following minimal trauma DRF. T-scores for the neck of 
femur and lumbar spine (L2-L4) were recorded. The World Health 
Organization (WHO) defines osteoporosis as a bone mineral density 
(BMD) of -2.5 standard deviations (SD) or less than that of a young 
healthy female; a T-score ≤-2.5 SD [14]. Osteopenia, the precursor 
of osteoporosis, is defined as a T-score that reads between -1 to 
-2.5 SD [14]. T-scores for BMD in the region of lowest density were 
utilized for statistical analysis.

Vitamin D

Serum 25-hydroxy vitamin D was measured at presentation. 
Serum Vitamin D level was used as a continuous variable, whilst 
also being categorised for further analysis. Patients with levels 
less than 50nmol/L were classified as having vitamin D deficiency, 
those from 50nmol/L to 150nmol/L were normal and those over 
150nmol/L had high vitamin D [15]. 

AO Classification of fracture

Each patient received routine, standard plain radiography of 
their injured wrist upon presentation for diagnostic and treatment 
purposes. Both AP and lateral views were analysed by an orthopedic 
resident, in consultation with an upper limb orthopaedic surgeon. 
The fractures were categorised as per the AO/OTA classification of 
DRF into type A (extra-articular), type B (partially articular) and 
Type C (completely intraarticular).

Treatment Modality

All 45 participants underwent treatment of their DRF as 
clinically indicated. Treatment received by the patient’s included 
reduction and cast immobilisation in the emergency department, 
and where indicated, surgical fixation. Participants were grouped 
based on whether they received only cast immobilisation 
(conservative management) or ORIF (surgical intervention). 

Functional Outcome

Functional outcomes were measured using patient-reported 
outcomes questionnaires, the Disabilities of the Arm, Shoulder 
and Hand (DASH) and Patient-Rated Wrist Evaluation (PRWE) 
instruments. These instruments were administered to participants 
at their last orthopaedic follow up, which occurred at least 12 
months post injury.

Loss of Reduction

Loss of fracture reduction rates were captured through 
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follow up clinics, in patients treated in casts. These participants 
subsequently required an ORIF to ensure appropriate alignment of 
their fracture.

Statistical Analyses

Data was stratified and categorised based on patient 
demographics, bone health status/BMD, vitamin D levels, AO/OTA 
classification of fractures, treatment received, functional outcomes 
and loss of reduction. Means and standard deviations were used to 
present continuous variables, whilst categorical data was presented 
using numbers and percentages. A significance level of p < 0.05 
was used. Normality of continuous variables was visualised using 
histograms and checked using Shapiro-Wilk analysis. 

Result
Among the defined 45 participants in this study, 43 were females 

and 2 were males. The mean patient age was 65.53 years (SD = 8.09), 
with a range of 52 to 82 years. As per their BMD, 7 participants 
(16%) were of normal bone health, 20 participants (44%) were 

osteopenic and 18 participants (40%) were osteoporotic. There 
was no significant difference (p=0.31) in the age of those who were 
osteoporotic (mean age = 67.06) and non-osteoporotic (mean age 
= 64.52).

As per plain film radiographs, 21 participants had a Type 
A fracture, 9 had a Type B fracture and 15 had a type C fracture. 
Conservative treatment was utilised for 17 participants and surgical 
intervention was utilised for 28 participants. 

Vitamin D and Bone Mineral Density

40 of the 45 participants had vitamin D testing. Four were 
found to be vitamin D deficient, 35 were found to have normal 
vitamin D, whilst one was found to have high vitamin D. Of those 
who were osteoporotic, all participants were found to have normal 
vitamin D, whereas two osteopenic and two normal bone health 
participants had low vitamin D. Table 1 demonstrates this, as 
well as characteristics of patients in this cohort according to their 
osteoporosis status (Table 1). 

Table 1: Characteristics of patients with DRF according to osteoporosis status.

  Normal Osteopenia Osteoporosis

Age mean (range) 63.14 (52-81) 65 (55-82) 67.06 (57-79)

Sex female (%) 7 (100) 18 (90) 18 (100)

Serum Vitamin D Level mean (SD) 59.33 (26.01) 83.29 (33.31) 80.94 (20.82)

Hypovitaminosis D n 2 2 0

AO Classification

Type A n (%) 3 (43) 9 (45) 9 (50)

Type B n (%) 1 (14) 6 (30) 2 (11)

Type C n (%) 3 (43) 5 (25) 7 (39)

Treatment Modality

Cast n (%) 2 (29) 7 (35) 8 (44)

ORIF n (%) 5 (7) 13 (65) 10 (56)

DASH scores mean (SD) 6.94 (4.99) 21.07 (16.15) 11.86 (14.03)

PRWE score mean (SD) 4.75 (7.00) 22.43 (20.10) 19.5 (20.66)

Loss of Reduction n (%) 1 (14.29) 5 (25) 3 (16.67)

ORIF = Open reduction and internal fixation; DASH = Disabilities of the Arm, Shoulder and Hand; PRWE = Patient-Rated Wrist Evaluation

A Fisher’s exact analysis found no significant relation between 
vitamin D category and osteoporosis status, with the osteoporotic 
group mean vitamin D levels being 80.94nmol/L, whilst the 
osteopenic and non-osteoporotic (normal and osteopenic) group 
mean vitamin D levels being 83.29nmol/L and 77.04nmol/L 
respectively (p=0.123). Regression analysis found no correlation 
between vitamin D and T-score on BMD (p=0.257).

The association between bone health and classification of 
fracture.

(Figure 1) demonstrates the relationship between osteoporosis 
status and AO classification of fracture, with an apparent trend of 
type A fracture in patients with osteoporosis and osteopenia. A 
Fisher’s exact analysis showed no statistical difference between 
the three fracture types and those who were osteoporotic or non-
osteoporotic status (p=0.530). No relation between BMD T-scores 
and AO classification of fracture on regression analysis was found 
(p > 0.05). 
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Figure 1: AO/OTA classification in relation to osteoporosis status in patients with minimal trauma fractures distal radius fractures. Type A 
represents extra-articular fractures, Type B represents partially articular fractures and Type C represents completely articular fractures. Normal 
bone health was defined as a T-score >-1, osteopenia defined as a T-score that reads between -1 and -2.5, and osteoporosis as a T-score of 
≤ -2.5 SD than that of a young healthy female.

Group analysis through a t-test demonstrated no relationship 
between osteoporosis and extraarticular or intraarticular fractures 
(p=0.77). Regression analysis showed no statistical difference 
between extraarticular or intraarticular fractures in relation to 
BMD. 

The Association Between Bone Health and Treatment 
Modality

Fisher’s exact analysis showed no statistical association was 

found between the modality of treatment received and osteoporosis 
status (p=0.537). A t-test showed no significant difference in the 
T-score means between treatment modalities.

The Association Between Bone Health and Functional 
Outcomes

Statistical analysis through ANOVA demonstrated no statistical 
difference in mean DASH scores (p = 0.09) or PWRE scores (p = 
0.16) in relation to osteoporosis status. 

The Association Between Vitamin D and Classification of  Fracture

Figure 2: Mean vitamin D levels in the three AO/OTA classifications of minimal trauma distal radius fractures. Vitamin D was a measured using 
serum 25-hydroxy vitamin D levels in nmol/L. Type A represents extra-articular fractures, Type B represents partially articular fractures and 
Type C represents completely articular fractures.

(Figure 2) demonstrates the relationship between mean 
vitamin D levels and AO classification of fracture. A Fisher’s exact 
analysis showed no statistical difference between the three fracture 

types and vitamin D category (p=0.223). There was no correlation 
between vitamin D levels and AO classification of fracture found on 
regression analysis (p > 0.05). 
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Group analysis through a t-test demonstrated no relationship 
between vitamin D levels and extraarticular or intraarticular 
fractures (p=0.70). 

The Association Between Vitamin D and Treatment 
Modality

(Table 2) highlights the treatment modality received in relation 

to their serum vitamin D status, whilst also summarizing results 
of other pertinent findings. No statistical association was found 
between the modality of treatment received and vitamin D category 
(p=0.440) using Fisher’s exact analysis. T-test analysis showed 
no significant relation between vitamin D levels and treatment 
modality received. 

Table 2: Characteristics of patients with DRF according to serum vitamin D status.

  Low (<50nmol/L) Normal/High (>50nmol/L)

Age mean (range) 62.5 (54-78) 65.58 (54-82)

Sex female (%) 4 (100) 34 (94.44)

AO Classification

Type A n (%) 1 (25) 19 (53)

Type B n (%) 1 (25) 7 (19)

Type C n (%) 2 (50) 10 (28)

Treatment Modality

Cast n (%) 1 (25) 16 (44)

ORIF n (%) 3 (75) 20 (56)

DASH score mean (SD) 9.44 (5.55) 15.99 (15.51)

PRWE score mean (SD) 7 (11.27) 20.17 (20.03)

Loss of Reduction n (%) 1 (25) 8 (22)

ORIF = Open reduction and internal fixation; DASH = Disabilities of the Arm, Shoulder and Hand; PRWE = Patient-Rated Wrist Evaluation 

The Association Between Vitamin D and Functional 
Outcomes

Analysis through t-test showed no significant difference (p = 
0.24) in the means of DASH scores in individuals with low vitamin 
D (mean = 9.44) and those with normal normal/high vitamin D 
(mean = 15.99). There was no significant difference (p = 0.14) in 
the means of PRWE scores in individuals with low vitamin D (mean 
= 7) and those with normal/high vitamin D (mean = 20.17). 

Loss of Reduction

A Fisher’s exact analysis showed no statistical difference 
between loss of reduction in individuals with normal bone health, 
osteopenia or osteoporosis (p = 0.88). A t-test showed no significant 
difference between vitamin D levels of those with loss of reduction 
(mean = 77nmol/L) and those who did not (mean = 79.19nmol/L)

Discussion
Our study demonstrated that 40% of low energy fractures 

occurred in patients who were osteoporotic and 44% occurred in 
those who were osteopenic. This result aligns with studies globally 
that demonstrate variation of osteoporosis prevalence in DRF 
ranging from 34% to 60% [2]. Furthermore, 96% of our patients 
were female, and all osteoporotic patients in this study were 
female. This highlights the greater prevalence of minimal trauma 
DRF amongst the female population who are known to be at greater 
risk of osteoporosis [16].

Vitamin D did not appear to impact BMD in the studied cohort. 

Tahririan [17] found a direct relationship between vitamin D 
status and BMD. This was supported by Jang [18] and Lee [19]. 
However, there were reports in different populations which did 
not support this finding [20-22]. Along with this study conducted, 
it is hypothesised that there is no definitive relation between low 
vitamin D and BMD, with other factors including lack of physical 
activity, smoking and chronic corticosteroid use possibly playing a 
more important role in BMD [23,24]. 

This study did not identify any association between a decreased 
BMD and the nature of DRF as per the AO classification. This result 
concurs with the current literature, that indicates an inconsistent 
relationship regarding the severity of DRF in association with BMD. 

A prospective cohort study conducted by Clayton [25] discovered 
that type A fractures were associated with a lower BMD than type B 
and type C (n=137, p=0.0026), yet found no significant correlation 
between BMD and the nine subgroups. This finding initially seems 
counterintuitive, as hypotheses suggest that osteoporosis would 
lead to more severe fractures, and thus an increased number of 
intraarticular fractures. Clayton [25], however, postulated that 
osteoporotic patients may have a greater reduction in BMD in the 
metaphyseal bone compared to the subchondral bone, leading to 
increased extraarticular fractures. Hollevoet and Verdonk [26] 
conducted a similar study which found no significant differences 
in BMD, clinical or radiological results between intraarticular and 
extraarticular fractures (n=40). Hjelle [27] conducted a study in 
Norway viewing patients who sustained both low and high energy 
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DRF and found that those with osteoporosis did not sustain more 
complex fractures than those with osteopenia or normal BMD, as 
per the AO classification. Dhainaut [10] demonstrated no significant 
association between classical BMD and severity of fracture, whilst 
also finding no relationship between decreased hand cortical BMD 
and the nature of DRF. Our data correlates with these studies. 
Overall, this suggests that neither osteopenia not osteoporosis are 
major risk factors for the severity of minimal trauma DRF. 

Likewise, studies analyzing the effect of BMD on fracture 
severity at other anatomical locations also yielded inconclusive 
findings. Spencer [24] analysed nine variables, including bone 
density, and reported no association between BMD and severity 
of hip fracture. In comparison, Cauley [28] found that reduced 
BMD led to less severe fractures of the hip. Studies analysing 
proximal humerus fractures concluded that complex fractures 
are not necessarily linked to poorer bone quality based on their 
insignificant association found on analysis of local bone structure, 
cortical index and severity of fracture [29,30].

Our study also found no significant difference in the treatment 
modality received based on patients’ bone health. This suggests 
that osteoporosis does not lead to an increased risk of requiring 
surgical intervention compared to those who have healthier bones. 
It is known that more severe fractures require greater surgical 
intervention. However, as this study found no association between 
the severity of fracture and bone health, it is expected that there 
was no association between treatment modalities received. 
Furthermore, surgical intervention is advised based on both 
radiographic and clinical indications. As there was no association 
between central BMD and treatment modality received, it was 
extrapolated that reduced BMD did not affect the radiographic 
parameters utilised to determine if surgical management of DRF is 
required. Xie and Barenholdt [31] investigated one such parameter, 
displacement of DRF, and found no relation in regard to central 
BMD. A study conducted by Hollevoet and Verdonk [26], analysing 
forearm BMD, found that reduced BMD at the distal forearm 
resulted in increased ulnar variance, however found no relation to 
palmar tilt or radial inclination. 

Our study also found individuals with poorer BMD did not 
have an increased reduction loss compared to those with healthier 
bones, whilst serum vitamin D levels also did not affect loss of 
fracture reduction. This suggests that neither osteoporosis nor 
hypovitaminosis D led to poorer union of fractures that are initially 
managed conservatively. 

In addition to this, there was no significant association between 
vitamin D level and the nature of DRF in the studied population. 
Osteomalacia has been described to be a risk factor for fractures, 
including DRF [32-34]. However, in the studied cohort, only 10% 
were found to be low in serum vitamin D (n=40). There is limited 
data regarding the prevalence of hypovitaminosis D in DRF 
compared to other fragility fractures. Despite this, the rates in our 
study are significantly less than rates found in other regions, which 

range from 18-49% [18, 34,35]. 

The region studied has historically low levels of hypovitaminosis 
D. Of particular note is that the study populations’ rate of 10% is 
almost identical to the general state population rate of 11% [36]. 
This highlights that vitamin D is not a major risk factor for minimal 
trauma DRF in Southeast Queensland. A study conducted by Awal 
et al. in the South-East Queensland region also identified low levels 
of vitamin D deficiency in proximal femur fractures compared to 
other regions globally [37]. This consolidate that the low rates of 
hypovitaminosis D can be attributed to other factors, including 
socioenvironmental factors such as a tropical environment, high 
UV index and an active outdoor lifestyle. This highlights that 
osteomalacia is not a strong predictor for DRF severity, especially 
in vitamin D replete populations.

A pertinent clinical finding from this study was that individuals’ 
long-term functional outcomes following DRF were not affected 
by bone mineral density or vitamin D levels. This keeps in line 
with the findings that BMD or serum vitamin D did not affect the 
severity of DRF, and thus do not affect the clinical and functional 
outcomes. Despite literature regarding functional outcomes in 
those suffering from osteoporosis being vague and indeterminate, 
there are arguments for early recognition of those suffering from 
osteoporosis and consideration of closer monitoring to ensure 
preventative measures are commenced earlier than later [26,38-
40]. 

Only three of the 38 participants with osteopenia or osteoporosis 
were known to have osteopenia or osteoporosis prior to their 
presenting injury. This emphasises that low energy DRF are often 
the first presentation of osteoporosis in patients. This supports the 
notion that referring for secondary fracture prevention care in DRF 
is an early opportunity to screen for osteoporosis to prevent more 
serious future fractures in the older population.

There are some limitations noted in this study. There was no 
control group without fractures for comparison. Due to the strict 
inclusion criteria, the study had a small number of participants. 
Furthermore, despite being underpowered, the number in this 
study is within the participant range used in similar studies and 
thus comparable to current literature [10, 25-27].

In summary, BMD and serum vitamin D do not appear to 
influence the severity of DRF or functional outcomes in patients 
with minimal trauma fracture over the age of 50. Vitamin D 
deficiency was not a strong predictor of BMD in this cohort. 
Additionally, minimal trauma DRF should be considered a sentinel 
event and an opportunity to screen for osteoporosis to prevent risk 
of future fracture.
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