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Evaluation of the Proximal Ulna
Dorsal Angulation for Ulnar
Component Sizing in Elbow
Prosthetic Reconstruction After
Distal Humeral Resection of Tumor

Abstract

Introduction: Elbow prosthetic reconstruction after distal

humeral tumor resection is challenging.We identify the value of

the proximal ulna dorsal angulation (PUDA) as an easily-

measured radiographic parameter that can help inform ulnar

component sizing in the Solar Elbow System (SES) and the

Modular Universal Tumor and Revision System (MUTARS), two

modular prosthetic systems that are commonly used after

tumor resection in this anatomic location. We hypothesized

that a larger PUDA measurement would require smaller

ulnar stems.
Methods: Demographic data and PUDA measurements were

retrospectively reviewed for 514 patients. Multivariate

regression was used to determine the effects of patient

demographic data on the PUDA. PUDA measurements were

collected by three independent reviewers on lateral elbow

radiographs. MUTARS and SES templating software was then

used to validate the relationship between the PUDA and ulnar

stem sizing.
Results: Regression analysis showed no substantial

contribution of demographic variables to the PUDA

measurement (adjusted R2 = 0.02, F(6, 508) = 2.704, P = 0.01).

The MUTARS implant fit 97% of elbows with a PUDA ,5� and
91.6% of elbows with PUDA $5� (P = 0.26). The largest SES

combination fit 100% of elbows with a PUDA#10� versus 93%
of elbows with a PUDA .10� (P = 0.029). Elbows

accommodating the largest SES combination had a smaller

median PUDA (5.4� versus 11.7�, P = 0.034); elbows

accommodating the MUTARS implant had a smaller median

PUDA (5.4� versus 5.8�, P = 0.34).
Discussion: The PUDA is a valuable and easily used preoperative

planning tool for prosthetic elbow reconstruction after tumor
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resection. The proximal ulna dorsal angulation can be easily measured to predict ulnar component fit

and reduce intraoperative complications. In patients with a PUDA$5�, ulnar component stem fit for

current systems may be more challenging.

The elbow is a challenging site for
reconstruction in oncology pa-

tients after tumor resection in the
distal humerus.1 Total elbow ar-
throplasty for reconstruction of the
distal humerus after tumor resection
is often complicated by infection,
prosthetic loosening, and osteolysis.2,3

Given the complexity of reconstruc-
tion at this site, modular prosthetic
systems are used instead of more
common conventional total elbow
systems or other reconstruction mech-
anisms such osteoarticular allografts.4

Commonly used modular total elbow
systems for reconstruction that also
have available templating software
for surgeon use are the Solar Elbow
System (SES) by Stryker and the
Modular Universal Tumor and
Revision System (MUTARS) by Im-
plantcast GmbH. Both these systems
require preparation of the ulnar canal
into which an ulnar stem component
is placed. This requires the selection
of an appropriately sized ulnar stem
component to prevent perforation of
the component through the dorsal
cortex of the ulna.
Although the anthropometric infor-

mation of other upper extremity joints
such as the shoulder andwrist has been
well studied, there is a lack of data
available concerning the osseous anat-
omy of the proximal ulna for preoper-
ative planning and prosthetic design
of elbow reconstructive systems.5-8

More information concerning
meaningful predictive anatomic pa-
rameters of this location could help
reduce perioperative complications
such as perforation of the dorsal

cortex of the ulna, periarticular
fracture, or stem component failure.
Previous studies investigating the
osseous anatomy of the ulna have
demonstrated that the ulnar cortex is
relatively thin, and that overestima-
tion of the minimal canal size of the
ulna can occur even with routine
frontal and lateral radiographs.9

In this study, we use the proximal
ulna dorsal angulation (PUDA), de-
fined as the angle formed by the
intersection of lines drawn parallel to
the nonarticulating outer cortex of
the olecranon and the dorsal diaphy-
seal cortex of the ulna (Figure 1, A),
as a predictive factor for the size of
the ulnar stem component in pre-
operative templating. The PUDA
has previously been measured with
averages of 5.7o and 4.5o in previous
smaller series of 100 and 54 meas-
urements, and was found to be a
reliable measurement with good
intraobserver and interobserver reli-
ability.10,11 We aimed to validate
these findings and hypothesized that
a larger PUDA measurement would
necessitate a smaller stem size for
the ulnar component, as larger stems
in this patient group could compromise
the integrity of either the dorsal
ulnar cortex or the triceps tendon
attachment.
The goal of our study is to in-

form preoperative planning for ulnar
component stem sizing to maximize
component fit while limiting compli-
cations in elbow prosthetic recon-
struction. In this study, we evaluate
the normal variation of the PUDA in
the general cohort in the largest

known series in the literature and also
evaluate demographic predictors of
the PUDA using multivariate regres-
sion analysis. We also evaluate the
effect of the PUDAon the sizing of the
ulnar stem component in SES and
MUTARS templating.

Methods

This study was a retrospective, Insti-
tutional Review Board–approved
study consisting of 514 patients
from our tertiary referral institution.
Patient records and 514 lateral elbow
radiographs were reviewed over a
period of 6 months; radiographs were
all performed by the Department of
Radiology of our institution. Using
the Agfa ICIS PACS program, the
electronic medical record (EMR) was
reviewed for radiographs matching
the search criteria of a lateral elbow
radiograph obtained between a 1-
year period in a patient of at least
18 years of age at the time of the
radiograph.
These radiographs were reviewed

first for determination of inclusion or
exclusion from the study. Inclusion
criteria were (1) either a native elbow
(considered to be a normal radio-
graph) or a native ulna without any
pathology or previous fracture or
reconstruction (radius or humerus
may have had the presence of frac-
ture, implant, or other previous sur-
gical intervention or reconstruction;
these were considered to be a “pseu-
donormal” radiograph) and (2) age
greater than or equal to 18 years.
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Exclusion criteria were (1) the pres-
ence of any pathology, previous
fracture, or surgical intervention or
reconstruction of the ulna; (2) age
less than 18 years; (3) technically
inadequate lateral view of the el-
bow on radiograph as determined
by study personnel; and (4) in-
completely recorded demographic
data.
After inclusion and exclusion cri-

teria were applied to flagged radio-
graphs satisfying our earlier search
criteria, the variables of body mass
index (BMI), height, weight, age,
sex, and race were determined from
the EMR. Race as recorded in our
EMR consisted of white, black,
Hispanic, Asian, other, declined, or
unknown.
PUDA measurements were con-

ducted by three separate individuals
twice each.More than threemonths of
time were allowed to elapse between
initial and repeat measurements by
each observer to further minimize
chances of recall bias.
Six age brackets were created

before analysis: ages 18 to 40, 41 to
50, 51 to 60, 61 to 70, 71 to 80, and
81 and older. A pre hoc power anal-
ysis was conducted to satisfy a Pear-
son’s correlation coefficient of 0.30
between the PUDA and the variables
of interest including age bracket,
sex, race, and BMI. Using this, we
determined that a total of 85 patients
per age bracket, or a total of at least
425 patients, was required for a
power of 80% and a 2-sided p-value
of 0.05. To account for the possi-
bility of incompletely recorded de-
mographic data that would require
exclusion of a record, we collected
more patients per each age bracket
with a total of 514 patients, with at
least 85 patients per age bracket.
Patients were stratified into PUDA

groups of ,5�, 5 to 10�, and .10�;
templating of MUTARS and SES
was then done using randomly se-
lected lateral elbow radiographs of
221 patients (with at least 30 rep-

resented from each angle group).
Although all 514 elbows were ini-
tially templated, we noted a dispro-
portionately low number of PUDA
measurements satisfying the .10�
category. To minimize confounding
of any potential effect due to unequal
numbers between groups, we tem-
plated the maximum number of
elbow radiographs possible for each
angle category that allowed for
preservation of the observed effect
during the templating process. Cali-
bration of radiographic images was
done based on pixels/mm of the
original radiograph.

Templating was done using the
TraumaCad software system and
modified to satisfy dimensions and
locations (Figure 1, B–D). The MU-
TARS has one size and a curved
ulnar stem. The SES has three
straight ulnar stem lengths (63, 53,
and 50 mm) and small, standard and
large sizes. There were 2 patients in
which the large SES with a 63-mm
ulnar stem did not fit; therefore, we
stratified the SES into 2 groups: (1)
large size and a 63-mm stem, and (2)
other smaller combinations.
For statistical analyses, intra-rater

and inter-rater reliability was

Figure 1

A, Measurement of the proximal ulnar dorsal angulation. B, Templated
MUTARS total elbow implant. C, Templated SES total elbow implant. D,
Template showing a MUTARS total elbow implant which does not fit the elbow
given the large PUDA measurement. MUTRS = Modular Universal Tumor and
Revision System, PUDA = proximal ulna dorsal angulation, SES = Solar Elbow
System
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determined using one-way and two-
way random consistency analysis of
Cronbach’s alpha, respectively.
Multivariate regression was used to
determine the effects of age, sex,
race, height, weight, and BMI on
PUDA (Table 1). Dummy numerical
values were assigned in the cases of
sex and race to facilitate our logis-
tical regression. The Fisher exact test
and the Mann-Whitney U test were
used to determine the effect of the
PUDA on ulnar stem selection using
the PUDA as a categorical and con-
tinuous variable, respectively. P ,
0.05 was considered significant for
all tests. PUDA measurements did
not satisfy the Shapiro-Wilk test for
normality. Thus, the median values
for the PUDA as well as the values
for the first and third quartiles are
reported herein.

Results

For patients younger than 40 years,
the median PUDA was 4.3� (Q1 =
1.9�, Q3 = 6.15�); for 41 to 50 years,
5.2� (3�, 6.5�); 51 to 60 years, 4.5�
(3�, 6.3�); 61 to 70 years, 4.6� (2.4�,
6.2�); 71 to 80 years, 5.1� (3.65�,
6.9�), and for older than 80 years of
age, 5.1� (3.5�, 6.85�). Overall, the
median PUDA was 4.7�, with a first
quartile of 2.8� and a third quartile
of 6.5�, with an interquartile range
of 3.7�.

These values were obtained using
the combined measurements of both
the initial and repeat measurements
for the three independent observers.
A Cronbach’s alpha of 0.879 was
obtained as the overall inter-rater
reliability. For each individual ob-
server, we obtained values of 0.871,
0.918, and 0.935 for our Cronbach’s
alpha for intra-rater reliability.
Multivariate regression analysis of

demographic variables indicated that
these variables did not substantially
contribute to patient variance of the
PUDA (adjusted R2 = 0.02, F (6,
508) = 2.704, P = 0.01). It was found
that age was a significant predictor
for the PUDA (b = 0.01, P = 0.02), as
was height (b = 0.03, P = 0.02). The
variables of BMI (P = 0.67), sex (P =
0.96), race (P = 0.06), and weight
(P = 0.65) were not found to be
significant predictors for the PUDA.
Approximately 97.4% of all el-

bows that had a PUDA of ,5�
accommodated the MUTARS im-
plant; compared with 91.6% of the
elbows with a PUDA$5� (P = 0.26).
Regarding the SES ulnar stem com-
ponent, we noted that the largest SES
combination fit 100% of elbows
with a PUDA #10� compared with
93% of elbows with a PUDA
of .10� (P = 0.029). Elbows in
which the largest SES combination
fit were associated with a smaller
PUDA whereas 97.4% of all elbows
that had a PUDA of ,5� accom-

modated the MUTARS implant;
compared with 91.6% of the elbows
with a PUDA $5� (P = 0.26).
Regarding the SES ulnar stem com-
ponent, we noted that the largest SES
combination fit 100% of elbows
with a PUDA #10� compared with
93% of elbows with a PUDA
of .10� (P = 0.029). Elbows in
which the largest SES combination
fit were associated with a smaller
PUDA when compared with elbows
in which smaller SES combinations
fit (5.4� versus 11.7�, P = 0.034). We
also noted that elbows in which we
established a fit with the MUTARS
implant tended to have a smaller
median PUDA when compared with
elbows in which the MUTARS im-
plant did not fit (5.4� versus 5.8�,
P = 0.34) (Table 2).

Discussion

To the best of our knowledge, this is
the first study using the PUDA as an
objective, preoperative measurement
for templating of prosthetic elbow
reconstruction. This measurement is
easily obtained and is a valuable
metric to minimize intraoperative
complications. Although this study is
conducted retrospectively and vali-
dated on templating software, we
do feel this promotes an important
framework for consideration of ulnar
component stem fit in elbow

Table 1

Descriptive Characteristics and the Proximal Ulna Dorsal Angulation Across Age Groups

Age Group
Average
Height (m)

Average
Weight (kg)

Average BMI
(kg/m2)

Mean PUDA (�)
(95% CI)

SD
PUDA (�)

Mean PUDA (�)
(Q1, Q3)

Younger than 40 1.70 79.38 27.23 4.41 (3.71-4.57) 2.06 3.97 (1.9, 6.15)

41-50 1.67 80.74 28.32 4.80 (4.31-5.29) 2.32 5.10 (3, 6.5)
51-60 1.67 85.91 29.91 4.60 (4.10-5.10) 2.38 4.63 (3, 6.3)
61-70 1.63 77.93 28.74 4.43 (3.89-4.97) 2.54 4.58 (2.4, 6.2)

71-80 1.67 81.74 29.34 5.22 (4.71-5.73) 2.48 5.10 (3.65, 6.9)
Older than 80 1.62 70.04 26.52 5.17 (4.58-5.75) 2.85 5.23 (3.5, 6.85)

BMI = body mass index, CI = confidence Interval, PUDA = proximal ulna dorsal angulation
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reconstruction. Future prospective
studies would be useful in validating
the benefit of the PUDA in surgical
practice, but we believe the findings
here represent an important first
step in establishing the principle of
decreasing PUDA measurement cor-
relating with larger stem fit. In addi-
tion, future studies may take into
account other factors affecting bone
morphology or growth, including
childhood or genetic syndromes,
bone densitometric data, or other
endocrinological previous conditions
that may have affected development
of the bony skeleton before skeletal
maturity. We also concede that in
cases of pathologic fracture, itmay be
more difficult to accurately use the
PUDA in preparation for elbow re-
construction, although in these sce-
narios, elbow radiographs of the
contralateral elbow may be of use.
This study is also novel in that

although demographic factors such
as ethnicity, sex, and age have been
shown inmultiple studies to influence
bone density as well as bone geome-
try,12-19 few studies have assessed
the geometric anatomy of the olec-
ranon with respect to the dorsal
ulnar cortex or have described the
influence of these demographic fac-
tors on the PUDA. Puchwein et al12

found that preshaped plates for fix-
ation of comminuted and Monteggia

fractures of the ulna had large vari-
ability, ranging from 23% to 88%,
in achieving an appropriate fit. This
suggests that the preoperative step
of templating reconstruction systems
and measurement of the PUDA can
be important in accessing appropri-
ate fit.
We noted several important find-

ings from our study as they pertain to
elbow replacement systems. First, we
noted that the curved ulnar stem of
the MUTARS system was a limiting
factor in the ability of our templated
elbows with the PUDA $5� to ac-
commodate the ulnar component. As
such, in patients with a PUDA
of $5�, alternatives to the MUTARS
should be made available as the
curved ulnar stem may not fit. Pro-
duction of several size selections for
the curved ulnar stem may also be
useful as straight ulnar stems are
smaller in general, making them
prone to loosening or stem fracture.
Regarding the SES components, we
similarly noted that elbows with a
PUDA .10� required a combination
of either a smaller stem length or
stem diameter, which corroborates
our findings with the MUTARS
ulnar stem component. This makes
intuitive sense, as a larger angle
between the olecranon and ulnar
canal would be expected to have a
smaller canal width overlap, requir-

ing either a more curved component
or a smaller combination of stem
length and/or diameter in the case
where the angle of curvature of the
stem does not equal the curvature of
the traversed canal path going from
the olecranon into the ulnar canal. In
these situations, ulnar component
fixation may thus be more likely to
fail due to a high stem to intra-
medullary space ratio. These sit-
uations may be aided by a larger
osteotomy of the proximal olec-
ranon to permit a more straightfor-
ward insertion trajectory of the stem
into the ulnar diaphysis.
This study had several limitations.

Multiple reviewers for the lateral
elbow radiographs introduce the
potential effects of bias in measure-
ment as well as the possibility of poor
inter-rater and intra-rater reliability.
To minimize this effect, we blinded
each reviewer to the angle measure-
ments of the other reviewers aswell as
their previous set of measurements in
their subsequent review 3 months
later. We do believe this scenario is a
more realistic representation of clin-
ical practice. In addition, although
perfect lateral views were attempted
in each case, there is likely to be
some unavoidable variation and
likely obliquity in some of the radio-
graphs. To control for this, however,
we did strive to robustly review the

Table 2

Templating of Ulnar Component Prostheses and Fit of Systems Across Angle Groups

Prosthetic System
Angle Group,

,5�
Angle Group,

5–10� Angle Group, .10� P
PUDA (�),

Median (Q1, Q3) P

MUTARS, n (%)

Fit 75 (97.4) 97 (91.5) 35 (92.1) 0.26a 5.4 (1.7, 9.1) 0.34b

No fit 2 (2.6) 9 (8.5) 3 (7.9) 5.8 (5, 9.8)
SES, n (%)

Large 77 (100) 106 (100) 36 (94.7) 0.029a 5.4 (1.8, 8.9) 0.034b

Other — — 2 (5.3) 11.7 (10.5, 12.8)

MUTARS = Modular Universal Tumor and Revision System, PUDA = proximal ulna dorsal angulation, SES = Solar Elbow System
a Using the Fisher exact test.
b Using the Mann-Whitney U test.
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technical adequacy of the lateral
elbow radiographs and specifically
made this an exclusion criterion in
our study; indeed, lateral review
adequacy was determined qualita-
tively on review of flagged radio-
graphs. To minimize confounding
in this regard, in cases where one
reviewer deemed a radiograph inad-
equate, that radiograph was dis-
carded for the other two reviewers.
Finally, magnification markers were
not on the radiographs which un-
fortunately were not able to be added
given the retrospective nature of the
study. However, to minimize poten-
tial confounding in this regard, each
radiograph was reviewed individu-
ally and qualitatively by trained per-
sonnel in orthopaedic surgery or
radiology. In addition, these data
were collected from contiguous ra-
diographs to further minimize radio-
graphic technician turnover and
taken from radiographs conducted
using the same radiograph machine
with the same radiographic techni-
cian staff, and as such, we feel more
reassured that there is no suggestion
from reviewof these radiographs that
calibration was not attained. Finally,
templating was conducted by the
same individual throughout the
manuscript to minimize heterogene-
ity in measurements, such that any
trends noted would remain internally
consistent.
Another limitation to our studywas

the random selection of 221 radio-
graphs from each age bracket. This
may have limited our ability to
establish statistical significance in our
analyses of ulnar stem component
sizing. Of note, we introduced con-
founding effect when we templated
all 514 elbows, as we had dispro-
portionately low representation of
elbows from the largest angle cate-
gory. Although we did not conduct
an analysis of the optimal number of
elbows that could be templated while
still recapitulating our observed ef-
fects noted during the templating

process, we did conduct several suc-
cessive rounds of templating using
higher and higher numbers of tem-
plated elbows until we noted faithful
recapitulation of effect without ex-
cessive confounding from dispro-
portionate representation between
angle groups which may have diluted
the significance of our findings with
the MUTARS system. We did, how-
ever, encouragingly note that these
findings nonetheless recapitulated the
trend we observed in the SES system,
where we observed the statistically
significant finding that the largest
SES combination required a smaller
PUDAwhencomparedwithotherSES
combinations.
On a more fundamental level, the

retrospective nature of this studymay
limit some of the applicability of this
data set; it would be invaluable to
perform future studies concerning
the PUDA in a prospective manner
with the opportunity to validate these
measurements intraoperatively. In
addition, the study was restricted to
two modular elbow reconstruction
systems by the availability of tem-
plating software. We attempted to
include other systems to broaden the
applicability of our findings, but no
templating software was available
either from these companies or from
templating software developers de-
spite multiple rounds of contact with
representatives from these compa-
nies; this lack of templating software
precluded our ability to validate our
measurements inother systems.Future
studies should validate these findings
intraoperatively in patients receiving
surgical reconstruction using these
systems as well as any available
additional systems.
Despite these limitations, we

believe that the PUDA should be
measured in preoperative planning
for sizing the ulnar stem component
in distal humeral replacement to
ensure intraoperative fit and reduce
complications. Indeed, even robust
preoperative review of lateral radio-

graphs can result in overestimation of
the minimal canal size of the ulna in
selecting the ulnar component, pre-
disposing to complications.
We describe the PUDA as a valu-

able preoperative planning tool for
prosthetic elbow reconstruction after
distal humeral tumor resection,
which is more easily accessible and
faster than templating, and may be
additionally useful in situations
where templating software is not
available. The median PUDA ob-
tained in this study is comparable to
values obtained in other studies; our
study is the largest cohort of patients
withmeasured values of the PUDA to
our knowledge in the literature.10-12

Based on our findings, commonly
available demographic data do not
substantially contribute to the PUDA
measurement, necessitating preop-
erative measurement of the PUDA
on lateral elbow radiographs in se-
lecting an ulnar stem component
size. Attentive planning and careful
prosthetic selection should be exer-
cised in all patients, but particularly
so in those with an PUDA measure-
ment greater than 5�, where a smaller
ulnar component stem should be
considered.

References

1. Funovics PT, Schuh R, Adams SB, Sabeti-
Aschraf M, DominkusM, Kotz RI: Modular
prosthetic reconstruction of major bone
defects of the distal end of the humerus. J
Bone Joint Surg Am 2011;93:1064-1074.

2. Kamineni S, Morrey BF: Proximal ulnar
reconstruction with strut allograft in
revision total elbow arthroplasty. J Bone
Joint Surg Am 2004;86A:1223-1229.

3. Mansat P, Adams RA, Morrey BF:
Allograft-prosthesis composite for revision
of catastrophic failure of total elbow
arthroplasty. J Bone Joint Surg Am 2004;
86A:724-735.

4. Hanna SA, David LA, Aston WJS, et al:
Endoprosthetic replacement of the distal
humerus following resection of bone
tumours. J Bone Joint Surg Br 2007;89B:
1498-1503.

5. Boileau P, Walch G: The three-dimensional
geometry of the proximal humerus.

Evaluation of the PUDA

6 Journal of the American Academy of Orthopaedic Surgeons



Implications for surgical technique and
prosthetic design. J Bone Joint Surg Br
1997;79:857-865.

6. Gordon KD, Roth SE, Dunning CE,
Johnson JA, King GJW: An anthropometric
study of the distal ulna: Implications for
implant design. J Hand Surg Am 2002;27:
57-60.

7. Pearl ML: Proximal humeral anatomy in
shoulder arthroplasty: Implications for
prosthetic design and surgical technique. J
Shoulder Elb Surg 2005;14:S99-S104.

8. Foruria AM, Sanchez-Sotelo J, Oh LS,
Adams RA, Morrey BF: The surgical
treatment of periprosthetic elbow fractures
around the ulnar stem following
semiconstrained total elbow arthroplasty. J
Bone Joint Surg Am 2011;93:1399-1407.

9. Goldberg SH, Omid R, Nassr AN, Beck
R, Cohen MS. Osseous anatomy of the
distal humerus and proximal ulna:
Implications for total elbow arthroplasty.
J Shoulder Elbow Surg 2007;16(3 suppl):
S39-S46.

10. Rouleau DM, Faber KJ, Athwal GS: The
proximal ulna dorsal angulation: A
radiographic study. J Shoulder Elbow Surg
2010;19:26-30.

11. Grechenig W, Clement H, Pichler W, Tesch
NP, Windisch G: The influence of lateral
and anterior angulation of the proximal
ulna on the treatment of a Monteggia
fracture: An anatomical cadaver study. J
Bone Joint Surg Br 2007;89:836-838.

12. Puchwein P, Schildhauer TA, Schöffmann
S, Heidari N, Windisch G, Pichler W:
Three-dimensional morphometry of the
proximal ulna: A comparison to currently
used anatomically preshaped ulna plates. J
Shoulder Elbow Surg 2012;21:1018-1023.

13. Naganathan V, Sambrook P: Gender
differences in volumetric bone density: A
study of opposite-sex twins.Osteoporos Int
2003;14:564-569.

14. Looker AC, Beck TJ, Orwoll ES: Does body
size account for gender differences in femur
bone density and geometry? J Bone Miner
Res 2001;16:1291-1299.

15. Nieves JW, Formica C, Ruffing J, et al:
Males have larger skeletal size and bone
mass than females, despite comparable
body size. J Bone Miner Res 2004;20:
529-535.

16. Arabi A, Nabulsi M, Maalouf J, et al:
Bone mineral density by age, gender,
pubertal stages, and socioeconomic status
in healthy Lebanese children and
adolescents. Bone 2004;35:1169-1179.

17. Zengin A, Prentice A, Ward KA: Ethnic
differences in bone health. Front
Endocrinol (Lausanne) 2015;6:24.

18. Baudoin C, Cohen-Solal ME, Beaudreuil J,
De Vernejoul MC: Genetic and
environmental factors affect bone density
variances of families of men and women
with osteoporosis. J Clin Endocrinol Metab
2002;87:2053-2059.

19. Madsen KL, Adams WC, Van Loan MD:
Effects of physical activity, body weight and
composition, and muscular strength on
bone density in young women. Med Sci
Sports Exerc 1998;30:114-120.

Caleb M. Yeung, MD, et al

May 2020, Vol 4, No 5


