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Abstract

Background The aim of this study was to investigate (1) whether fracture pattern and age are associated with local
bone quality (LBQ), and (2) whether a scoring system based on these variables is able to predict LBQ in proximal
humerus fractures (PHF).

Materials and methods A retrospective study was performed of all acute PHF at a Level 2 trauma center with plain
radiographs and CT between June 2009 and March 2022. Local bone quality was measured by using the deltoid
tuberosity index (DTI). In addition to age and gender, fracture morphology was categorized using the following
classification systems: Neer, Resch, AO Foundation/Orthopaedic Trauma Association (AO/OTA), and Hertel/LEGO.
Additionally, coronal head alignment was calculated by measuring the head-shaft angle.

Results Only the Resch classification system revealed a significant relationship between fracture type and bone
quality, as there was a significant association between coronal head alignment and DTl (p=0.001). Valgus head
alignment was observed significantly more frequent in patients with low bone quality (p =0.002). Multinomial
logistic regression analysis revealed a significant relative risk ratio for age (RRR=0.97, [95% Cl, 0.94-1], p=0.039) and a
non-significant trend for DTI (RRR=1.26, [95% Cl, 0.96-1.64], p=0.092) for occurrence of anatomic relative to valgus
head alignment. Using a DTl cut-off value of 1.3 instead of 1.4, age and also varus head alignment were identified as
significant predictors of LBQ (OR=1.12,[95% Cl, 1.1-1.15], p<0.001; OR=0.54, [95% Cl, 0.3-0.96], p=0.037). A scoring
system called the LBQ-PHF score (local bone quality in proximal humerus fractures), developed based on these two
variables was able to predict LBQ with a sensitivity of 79.2% and a specificity of 86.7%.

Conclusion Age and coronal humeral head alignment are independent predictors of LBQ in PHF. A simple scoring
system developed based on these variables is able to assess BQ with solid predictive characteristics.
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Introduction

Several studies have shown that local bone quality (LBQ)
may affect surgical outcomes and functions as a predictor
for osteosynthesis failure [1-3].

Therefore, some authors have concluded that LBQ
should be part of the preoperative assessment and have
included this variable in recently recommended treat-
ment algorithms [4].

To measure LBQ of PHE, the deltoid tuberosity index
(DTI) was developed, which is directly measured proxi-
mal to the deltoid tuberosity on the anteroposterior plain
radiograph [5, 6]. This index has been shown to strongly
correlate with the bone mineral density of the humeral
head as measured with peripheral quantitative computed
tomography (pQCT) [6]. The DTTI is so far the only vali-
dated radiographic measurement for bone mineral den-
sity (BMD) in PHF [6]. Only a few studies to date with
rather small data sets and limited usage of fracture classi-
fication systems have dealt with the relationship between
LBQ measured using this index and fracture morphology
5,7, 8].

The aim of this study was to investigate using a large
data set and multiple fracture classification systems (1)
whether age and fracture pattern, in particular coronal
head alignment, are associated with local bone quality,
and (2) whether a scoring system based on these vari-
ables is able to predict LBQ in PHF.
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Materials and methods

The aim and motivation for this investigation are based
on so far unpublished observations of the first and last
author (S. R. and N. H.) from a prospective, CT-based
single-center observational registry study of a suprare-
gional Level 1 trauma center (Hannover Humerus Regis-
try — HHR, NCT03060876). An association between age,
coronal head alignment, and local bone quality (LBQ) in
PHEF was suggested. Gender was not assumed to have any
association with LBQ. These assumptions were based on
observations made using the Resch classification system,
which relies on descriptive fracture morphology, includ-
ing coronal humeral head alignment. This observation
shall be reviewed on external data by one independent
observer.

Patients
A retrospective study was performed of all inpatient
cases of acute PHF (under 6 weeks after injury) at a
Level 2 trauma center with complete radiographic imag-
ing (plain radiographs and CT) between June 2009 and
March 2022. Patients were identified by searching in the
institutional database for coded diagnosis (S42.20-24)
according to the International Classification of Diseases
—10th Revision. Figure 1 illustrates details of study inclu-
sion using a flow chart.

This study was approved by the local ethics commit-
tee (Arztekammer Niedersachsen) and carried out in
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Excluded due to:
- no CT imaging (n=47)
- no radiograph (n=6)

- chronic fracture (n=11)
- DTI not measurable (n=10)
- pathologic fracture (n=7)

Fig. 1 Flow chart of study inclusion. Acute fractures were defined as PHFs under 6 weeks after injury
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accordance with the ethical standards of the 1964 Dec-
laration of Helsinki as updated in 2004. Only those
patients were retrospectively screened and included that
gave written informed consent to data usage for research
purposes.

Imaging analyses

DTI was determined on anteroposterior (AP) plain
radiographic images as described by Spross et al. with
picture archiving and communication system (PACS)
by one senior orthopaedic trauma surgeon (O. A.), who
was blinded to the study hypothesis. DTI was also cat-
egorized into two groups according to the cutoff recom-
mended for local LBQ in PHF by Spross et al., lower than
1.4 and greater than or equal to 1.4 [6].

All fractures were classified by the same observer using
both imaging modalities (plain radiographs and 2-D CT)
according to the classification systems by Neer, Resch, the
AO Foundation/Orthopaedic Trauma Association (AO/
OTA) system of 2018, and the binary (LEGO) description
system of the Hertel classification [9-13]. Additionally,
coronal head alignment was calculated with a thresh-
old of 10°. For this purpose, the head-shaft angle (HSA)
was measured using plain radiography as described by
Agudelo et al. [14]. As an anatomic HSA was defined as
135°, values greater than 145° and lower than 125° were
defined as valgus and varus displacement, respectively.
Isolated tuberosity fractures were defined as “anatomic”.
Variables including age and gender were also collected as
potential explanatory variables.

Statistical analyses

Descriptive statistics were calculated. Chi-squared statis-
tics were used to detect any association between gender,
DTI, and fracture pattern. If cells had expected frequen-
cies less than 5, then Fisher’s exact test was used. For
post-hoc test in case of significant analysis, Bonferroni
correction was used.

In order to investigate the potential influence of inde-
pendent variables on the coronal head alignment with
“valgus” as reference group, multinomial logistic regres-
sion analysis was performed to calculate relative risk
ratios (RRR). For continuous potential predictor variables
of age and DTI, reference unit changes of “1” and “0.1”
were defined. Subsequent logistic regression analysis was
performed to identify potential predictors (age, gender,
and coronal head alignment with “valgus” as reference
group) of LBQ. For this purpose, DTI as the target vari-
able was grouped according to the most optimal cut-off
value calculated through classification and regression
tree (CART) modeling analysis.

For bivariate analysis of correlation between numeric
factors, the Pearson correlation coefficient was calcu-
lated. Correlation strength was classified as follows: very
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high, r>0.90; high, r=0.70-0.89; moderate, r=0.50-0.69;
fair, r=0.30-0.49; low, r=0.10-0.29; or very low, r<0.10.
Data analysis was performed by one independent senior
biometrician with SPSS 26.0 (IBM, Armonk, New York),
STATA 16.1 (StataCorp), and R Statistical Software
including rpart package (version 4.1.19; R Foundation for
Statistical Computing, Vienna, Austria). The confidence
level was set at 95% (p <0.05).

Results
Three hundred thirty-four acute PHF were analyzed.
Table 1 shows the distribution of age, gender, DTI, and
fracture pattern. Figure 2 shows the graphical relation-
ship between age, DTI, coronal head alignment, and gen-
der. In both genders, male and female, age significantly
correlated with DTI (r =-0.63, and r = -0.6, p=0.01).
Among all classification systems, only the morphologi-
cal Resch classification system revealed a significant rela-
tion between fracture type and bone quality as there was
a significant association between coronal head alignment
and DTI (p=0.001) (Table 1). Valgus head alignment was
observed significantly more frequent in patients with low
bone quality (p=0.002) (Table 1). While fracture severity
according to the AO/OTA classification system was not
associated with bone quality, nonsignificant trends were
observed in fracture type distribution according to the
Neer and Hertel/Lego classification systems. Displaced
2-, 3-, and 4-part fractures, and Hertel/Lego type 1 frac-
tures more frequently had LBQ.

Classification and regression tree (CART) modeling analysis
CART modeling analysis revealed a DTT of <1.3 as an
optimal cutoff value for poor LBQ as the outcome vari-
able. The decision tree diagram as a result of this analy-
sis shows the optimal dividing points for age and coronal
head alignment, while gender could not be identified
as an appropriate predictor (Fig. 3). Table 2 shows fre-
quency distribution of the individual groups.

Logistic regression analysis

Multinomial logistic regression analysis revealed a sig-
nificant relative risk ratio for age (RRR=0.97, [95% CI,
0.94-1], p=0.039) and a non-significant trend for DTI
(RRR=1.27, [95% CI, 0.96—1.64], p=0.092) for the occur-
rence of anatomic relative to valgus head alignment. In
addition, male gender and DTI were significant relative
risk factors for the occurrence of varus relative to valgus
head alignment (RRR=2.4, [95% CI, 1.37-4.23], p=0.002,
and RRR=1.27, [95% CI, 1.03-1.56], p=0.026). Subse-
quent logistic regression analysis revealed age, but not
head alignment, as a highly significant independent pre-
dictor of LBQ (OR=1.1, [95% CI, 1.1-1.13], p<0.001).
Using a DTI cut-off value of 1.3 instead of 1.4, age and
also varus head alignment were identified as significant
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Table 1 Distribution of age, gender, and fracture pattern in relation to DTl is shown. ®Mann-Whitney U test with two-sided level of
significance (a=0.05). ®Chi-squared test with asymptomatic two-sided level of significance (a=0.05). Bold values indicate significant
values after Bonferroni correction as a post-hoc test following chi-square analysis (corrected levels of significance: a=0.004, %a=0.003,

q=0.004, 'a=0.008)

DTI

<1.4 >1.4 p-value
Age in years mean (range) £ SD 72.04 (22-96)+13.62 775 (43-96)+10.2 62.8 (22-94)+13.7 0.001°2
Gender n (%) 0.034°
female 244 (73.1) 161 (66) 83 (43)
male 90 (26.9) 48 (53.3) 42 (46.7)
Resch classification n (%) 0.001°
1 47 (14.07) 21(44.7) 26 (55.3) 0.006¢
2 27 (8.08) 20 (74.1) 7(25.9) 0.2
3 140 (41.92) 101 (72.1) 39(27.9) 0.002¢
4 103 (30.84) 60 (58.3) 43 (41.7) 0.28°
Anterior fracture dislocation 16 (4.79) 6(37.5) 10 (62.5) 0.03¢
Posterior fracture dislocation 1(0.3) 1 (100) 0(0) 0.44¢
AO/OTA classification n (%) 0.78°
A 125 (37.43) 81 (64.8) 44 (35.2)
B 116 (34.73) 72 (62.1) 44 (37.9)
C 93 (27.84) 56 (30.2) 37(39.8)
Hertel/Lego classification n (%) 0.025°
1 95 (284) 69 (62.6) 26 (27.4) 0.017¢
2 2(06) 2(100) 0(0) 0.27¢
3 27 (8.1) 10 (37) 17 (63) 0.004¢
4 1(03) 0(0) 0(100) 0.2¢
5 1(0.3) 1 (100) 0(0) 0.44¢
6 0(0) 0(0) 0(0)
7 117 (35) 73 (62.4) 44(37.6) 096°
8 7.0 5(71.4) 2(28.6) 0.62¢
9 6(18) 4(66.7) 2(333) 0.83¢
10 0(0) 0(0) 0(0)
11 0(0) 0(0) 0(0)
12 78(234) 45 (57.7) 33 (433) 031¢
Neer classification n (%) 0.031°
1-Part 40(12) 19 (47.5) 21(52.5) 0.036¢
2-Part 146 (43.7) 101 (69.2) 45 (30.8) 0.028¢
3-Part 84 (25.1) 53 (63.1) 31(36.9) 091¢
4-Part 32(9.6) 19 (59.4) 13 (40.6) 0.69°
Anterior fracture dislocation 19 (5.7) 7 (36.8) 12 (63.2) 0.018°
Posterior fracture dislocation 1(0.3) 1 (100) 0(0) 0.44°
Articular surface/Head split 12 (3.6) 9 (75) 3(25) 0.37¢
Coronal head alignment n (%) 0.001°
anatomic 52(15.57) 23(42.2) 29 (55.8) 0.003f
valgus 157 (47) 112(713) 45 (28.7) 0.002f
varus 125(37.43) 74 (59.2) 51 (40.28) 0.32f

predictor of LBQ (OR=1.12, [95% CI, 1.1-1.15], p<0.001;
OR=0.54, [95% CI, 0.3-0.96], p=0.037).

Development of a scoring system to predict local bone
quality

The basis for scoring system development is a logistic
regression in which the outcome variable is good or poor
bone quality (DTI>=1.3 or <1.3, respectively). Typically,

one would divide the cohort into two parts, using one
subcohort of subjects to develop the score and the other
subcohort of subjects to validate the score. However,
since the cohort was not that large, the total number
of cases was used for scoring system development, and
validation was performed on an external unmatched test
cohort of 107 consecutive cases from the abovemen-
tioned observational registry study.



Razaeian et al. BMC Musculoskeletal Disorders

(2023) 24:754

Page 5 of 10

2,00 Coronal head
alignment
180 o ]
a e anatomic
a5 oo . o %o a : ® * valgus
1 L ®
@ ..0 e, * “wep ' & QB_J ® varus
1,40 % o N %e® ° -
. oo '.‘ ol :‘ "
=
1,20 . . L L
®
1,00
DTI 3
2,00 o
=
1,80
e o - - e
$o%e s %
b ‘e o0 %o °® ® o
° - :' & 0’. s ¢ '.o g
® —
e " © . o * Dot ‘e ‘p " .. .
120 83 @ . =
U |
1,00
20 40 60 80 100
age
Fig. 2 Graphical relationships between age, DTl, coronal head alignment, and gender
Decision tree diagram
| %€ J I
<77 277
| age | )
<85 > 85
—[ Coronal head alignment J—
anatomic, varus valgus
21.3 21.3 <1.3 <1.3
0.84 0.61 0.69 0.8

Fig. 3 Decision tree diagram through classification and regression tree (CART) modeling analysis
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Table 2 Frequency distribution of the individual groups of CART
modeling analysis

DTI
<13 =13 Total

Age<77 29 151 180
16.1% 83.9%

Age 77-84 and anatomic or varus 17 27 44
38.6% 61.4%

Age 77-84 and valgus 37 17 54
68.5% 31.5%

Age =85 45 I 56
80.4% 19.6%

Total 128 206 334
38.3% 61.7%

Table 3 Logistic regression analysis revealed that all parameters
except gender showed significant influence. Akaike's information
criterion and Bayesian information criterion for this model were
3524 and 382.88

Age in years Odds Stan- P>|z| 95%

ratio dard Confidence

error Interval

65-69 3.87 2.28 0.022 1.22-123
70-74 539 3.1 0.003 1.77-16.43
75-79 947 4.74 <0.001 3.55-25.26
80-84 14.88 7.64 <0.001 5.43-40.71
>85 50.62 27.62 <0.001 17.37-147.51
Coronal head
alignment
valgus 1.82 049 0.028 1.07-3.01
Gender
female 1.2 041 0.59 0.62-2.33

Table 4 Logistic regression analysis without gender as
a parameter. Akaike's information criterion and Bayesian
information criterion for this model were 350.68 and 377.36

Age in years Odds Stan- P>|z| 95% Con-
ratio  dard fidence
error Interval
65-69 4 235 0.018 1.26-12.63
70-74 543 3.08 0.003 1.78-16.51
75-79 9.76 4.86 <0.001  3.68-25.89
80-84 1575 793 <0001  587-4262
>85 5234 2842 <0.001 18.06—
151.69
Coronal head alignment
valgus 1.86 0.5 0.021 1.1-3.15

For simplicity of designing the scoring system, age in
years was categorized as follows with corresponding
frequencies (n [%]): < 65 (89 [26.6]), 65—-69 (35 [10.5]),
70-74 (35 [10.5]), 75-79 (62 [18.6]), 80-84 (57 [17.1]), =
85 (56 [16.8]). In addition, for coronal alignment, the ana-
tomic and varus alignment groups were merged. Results
of logistic regression analysis with these age groups,
gender, and coronal alignment parameters are shown in
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Table 5 The LBQ-PHF scoring system. The points are summated.
A maximum of 7 points can be achieved. *Converted regression
coefficients are calculated by dividing the regression coefficient
by the lowest coefficient

Age in years Regression Converted Points

coefficient regression
coefficient*

<65 0

65-69 1.39 22 2

70-74 1.69 27 3

75-79 2.28 37 4

80-84 2.76 4.5 5

>85 3.96 6.4 6

Coronal head

alignment

anatomic/varus 0

valgus 0.62 1 1

Table 3. All parameters except gender showed signifi-
cant influence. In order to verify whether there was an
improvement in the prediction model with a parameter
with less influence removed, the Akaike’s information
criterion (AIC) and Bayesian information criterion (BIC)
were calculated. These showed better predictive model
characteristics without gender as a parameter (Table 4).

To develop a scoring system, the regression coefficients
were used. In order to have more usable regression coeffi-
cients, these were converted to integer points by dividing
them by the lowest coefficient and rounding. This scoring
system called the LBQ-PHF (local bone quality in proxi-
mal humerus fractures) score and the corresponding
receiver operating characteristic (ROC) curve are shown
in Table 5; Fig. 4.

Determination of a threshold value for the LBQ-PHF score
and external validation
To determine an appropriate threshold value for the total
LBQ-PHF score, sensitivity and specificity were calcu-
lated for each total score. Table 6 shows that a thresh-
old value of >=5 has the highest proportion of correctly
classified cases while still maintaining good sensitiv-
ity. Therefore, the LBQ-PHF score was divided into two
groups: <5 points corresponding to low risk and >=5
points corresponding to high risk of having poor LBQ in
PHE. The corresponding frequencies with sensitivity and
specificity are shown in Table 7.

Applying the LBQ-PHF score with this threshold value
to an external test cohort of 107 cases resulted in a sensi-
tivity of 79.2% and a specificity of 86.7% (Table 8).

Discussion

Principal findings

Contrary to previous study findings, this is the first study
that demonstrates a relationship between fracture pat-
tern, in addition to age, and LBQ in PHF. This finding is
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Fig. 4 Receiver operating characteristic (ROC) curve analysis of the LBQ-PHF scoring system

Table 6 Detailed report of sensitivity, specificity and, and
proportion of correctly classified cases for determination of a

threshold value

Threshold value Sensitivity, % Specificity, %  Cor-
rectly
classi-
fied, %

>=0 100 0 3832

>=1 100 28.64 56

>=2 9531 40.29 61.38

>=3 92.19 4854 65.27

>=4 83.59 60.19 69.16

>=5 7422 75.24 74.85

>=6 5234 88.83 74.85

>=7 18.75 96.12 66.47

>7 0 100 61.68

Table 7 Detailed report of corresponding frequencies with
sensitivity and specificity. The LBQ-PHF score is divided into
two groups: <5 points corresponds to low risk and >=5 points
corresponds to high risk of having poor local bone quality

DTI
>=1.3 <13 Total
LBQ-PHF-score low n (%) 155 33 188
risk (75.2) (25.8) (56.3)
high n (%) 51248 95 146
risk (74.2) (43.7)
Total n 206 128 334

revealed by a significant association between the DTI and
the morphological Resch classification system as well as
additionally measured coronal humeral head alignment.

Mazzucchelli et al. investigated the influence of LBQ
measured by DTI on fracture patterns using the Neer
classification system and humeral head impaction angle
in 191 patients [5]. Besides the observation that nei-
ther varus impaction nor any of the Neer fracture types
were related to bone quality, they found contrary to our
study that valgus impaction significantly depended on
good bone quality. This observation was based on a sta-
tistical group comparison within the subgroup of val-
gus impacted PHF of 35 patients with a DTI>1.4 and
10 patients with a DTI<1.4 with slight significance
(p=0.047) [5]. The much lower sample size of this sub-
group analysis might be one potential reason for the
contrary observation concerning coronar humeral head
alignment, while we, same as Mazzucchelli et al., did not
find any significant association between LBQ and the
Neer classification system [5].

Den Teuling et al. investigated in a cohort of 168 con-
secutive patients the relationship between indicators of
osteoporosis measured with the cortical index (CI) and
the complexity of fractures of the proximal humerus
assessed on plain anteroposterior radiographs using AO/
OTA classification system of 2007 [8]. While bone qual-
ity seemed to be related to age, no significant differences
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Table 8 Detailed report of corresponding frequencies with sensitivity and specificity after applying the LBQ-PHF score to an external
test cohort of 107 cases resulting in a sensitivity of 79.2% and a specificity of 86.7%

DTI
>=1.3 <13 Total
LBQ-PHF-score low risk n (%) 72 (86.7) 5(20.8) 77
(72)
high risk n (%) 11(133) 19(79.2) 30
(28)
Total n 83 24 107

in the CI were found between simple and complex pat-
terns of PHF [8]. Taskesen et al. observed similar results
in a retrospective analysis of 248 patients over 50 years
of age with low-energy PHF [7]. While bone quality mea-
sured with the DTI was statistically significant different
between the sexes and age groups (ages 50—70 and over
70), no difference was observed between the main AO
fracture types. Therefore, the authors concluded that
osteoporosis might not be the main factor affecting frac-
ture type. However, most of the analyzed fractures were
AO type A and B (64% and 32%, respectively), while
only 4% were complex type C fractures [7]. Although
our study included much more complex fractures, we
observed similar results in this respect.

The large sample size of this investigation, inclusion of
all age groups, and more comprehensive usage of clas-
sification systems compared to previous studies are
major strengths of this study. The LBQ-PHF score that
emerged out of these findings is easy to use and has solid
predictive characteristics with a sensitivity of 79.2% and
a specificity of 86.7%. Nevertheless, this scoring system
has neither the intention nor the capability to replace the
deltoid tuberosity as a current gold standard for LBQ in
PHEF; however, the LBQ-PHF score might function as an
approximation for local bone quality in PHF, for example,
in cases of analyses of big data sets and outcome stud-
ies with incomplete or non-usable radiographic imaging,
where the DTT cannot be calculated.

Limitations

This study has several other limitations to consider. It was
not originally the primary study aim to design a predic-
tive scoring system. This intention arose secondarily out
of the primary study results, and must be considered as a
major limitation as the study design was not optimal for
such purposes. As this scoring system was based solely
on chronological age and fracture pattern, modulating
factors of bone quality such as secondary diseases were
not taken into account. As patient screening was limited
solely to coded diagnoses (S42.20-24) according to the
International Classification of Diseases —10th Revision,
the proportion of patients diagnosed with osteoporosis
is unclear. The study did not include an unfractured con-
trol group, and all measurements were performed only by

one observer without measurement of intraobserver reli-
ability. Furthermore, although our findings are supported
by a large sample size, the distribution of included frac-
ture patterns does not mirror previously reported preva-
lences. Contrary to several studies, we had many more
displaced fractures according to the Neer criteria. This
might have been due to several reasons. Firstly, only inpa-
tient cases with both plain radiographs and CT imaging
were included in the analyses. Due to national imburse-
ment reasons, inpatient admission and advanced imaging
may be biased to cases where the treatment decision-
making process is more likely to result in surgical treat-
ment. On the one hand, this selection bias is a major
limitation of this study as it may restrict the generaliz-
ability of the results to a broader population of PHFs. On
the other hand, it could be debated whether it is necessity
at all to have a predictive scoring system that includes
one-part fractures, as the vast majority of these fractures
can be treated nonoperatively.

In addition, this scoring system is based on a thresh-
old value of 1.3 instead of the originally described 1.4
threshold value for the DTI. The original threshold
value less than 1.4 for the DTI was calculated through
ROC curve analysis using a pQCT cutoff value less than
80 mg/cm?®, which was a value intended for osteoporosis
in the lumbar spine and proximal femur and indicative
of low LBQ according to the guidelines of the American
College of Radiology [6, 15]; the threshold value of 1.3
is the statistical result of our CART modeling analysis.
Nevertheless, both values need to be considered criti-
cally as there are no accepted pQCT threshold values for
the proximal humerus; therefore, both can function only
as an approximation for low LBQ. Furthermore, as this
was a retrospective analysis there was no control for cor-
rect internally rotated arm position on AP radiograph as
described by Spross et al. [6].

Finally, PHF in all age groups were included in our
study, because a part of our primary study aim was to
investigate the relationship between age and LBQ. A
potential disadvantage of this strategy is a heteroge-
neous cohort that includes younger patients as well as
geriatric patients. However, our cohort included pre-
dominantly geriatric patients with mean age of 72 years
(18.6% below the age of 60 years), reflective of the general
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epidemiology of this fracture. Ideally, classification/scor-
ing system should have prognostic characteristics. For
example, that some types of fractures with low bone
quality are at higher risk for impaired outcome after cer-
tain treatment modalities. Spross et al. have retrospec-
tively assessed the role of local bone quality using the
DTI on the intraoperative reduction result of PHFs and
the early cutout rate after open reduction and internal
angular stable fixation [16]. They found that besides a
long metaphyseal head extension also good bone quality
and allows sufficient intraoperative reduction. Further-
more, they observed that good bone quality, a younger
age, and a good intraoperative reduction prevented early
fixation failure [16]. This is why, local bone quality mea-
sured by the DTI might be a relevant factor in treatment
algorithm for PHFs [4, 16]. Whether these properties also
apply to this scoring system and if it has a clinical rele-
vance remain completely uncertain. In particular, due to
the contrary observations compared to previous studies
[5, 16], our results have to be considered carefully.

Conclusion

Age and coronal humeral head alignment are indepen-
dent predictors of LBQ in PHF. We have developed and
validated a simple scoring system based on these vari-
ables to assess BQ with solid predictive characteristics.
Further investigations are needed to ensure the clinical
relevance of this novel score in the management of PHE.
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