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Abstract: Background: The surgical treatment of proximal humeral fractures (PHFs) with locking
plate fixation (LPF) in the elderly is associated with high complication rates, especially in osteoporotic
bone. Variants of LPF such as additional cerclages, double plating, bone grafting and cement
augmentation can be applied. The objective of the study was to describe the extent of their actual
use and how this changed over time. Methods: Retrospective analysis of health claims data of the
Federal Association of the Local Health Insurance Funds was performed, covering all patients aged
65 years and older, who had a coded diagnosis of PHF and were treated with LPF between 2010
and 2018. Differences between treatment variants were analyzed (explorative) via chi-squared or
Kruskal-Wallis tests. Results: Of the 41,216 treated patients, 32,952 (80%) were treated with LPF
only, 5572 (14%) received additional screws or plates, 1983 (5%) received additional augmentations
and 709 (2%) received a combination of both. During the study period, relative changes were
observed as follows: —35% for LPF only, +58% for LPF with additional fracture fixation and +25%
for LPF with additional augmentation. Overall, the intra-hospital complication rate was 15% with
differences between the treatment variants (LPF only 15%, LPF with additional fracture fixation
14%, LPF with additional augmentation 19%; p < 0.001), and a 30-day mortality of 2%. Conclusions:
Within an overall decrease of LPF by approximately one-third, there is both an absolute and relative
increase of treatment variants. Collectively, they account for 20% of all coded LPFs, which might
indicate more personalized treatment pathways. The leading variant was additional fracture fixation
using cerclages.

Keywords: health claims data; geriatric surgery; proximal humeral fracture; locking plate fixation;
osteosynthesis; augmentation; cerclage; double plating; bone graft; cement

1. Introduction

The proximal humeral fracture (PHF) is the third most common fracture, accounting
for 6% of all fractures [1]. With an incidence of 288/100,000 per year in elderly people and
a further increase with age, as many as 73% of all PHFs occur in elderly individuals [2—4].
The PHF is associated with significant morbidity, mortality and health care costs [5]. Due
to the combination of an aging population and a high incidence in geriatric patients, the
relevance of PHFs and their treatment will gain further significance.

While simple fractures can be treated non-surgically, more complex fractures, dis-
placed or unstable fractures, are predominantly treated operatively. Various re-constructive
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procedures are available, including percutaneous fixation, plate fixation and intramedullary
nailing [6-8]. Lately, there has been an increase in surgical treatment, with locking plate
fixation (LPF) being the most frequently chosen procedure [9-11]. Despite considerable
improvements, there is a high complication rate of up to 44% and a re-operation rate of 11%
after LPF, especially in the elderly and those with osteoporosis [12,13]. The most frequent
complications are a loss of reduction, screw cut-out and avascular necrosis [14,15].

To address these complications and prevent failure of re-construction, several variants
of LPF have been developed [16-19]. The placement of calcar screws in the inferomedial
metaphysis improves medial support and reduces the risk of fixation failure [20]. Ad-
ditional screws may be used to further increase stability [21]. Cerclages or sutures are
predominantly used for fixation of the tuberosities to the plate [22]. In recent years, double
plating has emerged (Figure 1), which adds another anterior, posterior or medial plate when
the use of one lateral locking plate alone does not provide sufficient fixation in severely
comminuted fractures [23,24]. Augmentation with autologous or allogenic bone grafts or
synthetic composites, such as metals, ceramics and polymers, can significantly improve
the bio-mechanical stability [25-27] as well as the clinical outcome in cases with poor bone
quality, inadequate medial column support or high-risk fractures such as head-split or
four-part fractures [28,29]. Bone augmentation for medial support enhancement or for
metaphyseal void filling can be achieved with either an autograft (autologous) or allograft
(allogenic); improved outcomes were reported for both fibular strut and cancellous bone
from the iliac crest [30,31]. Cement augmentation encompasses different synthetic com-
posites, such as calcium phosphate or polymethylmethacrylate, which can be injected as a
liquid and harden in vivo [22]. It is mostly used for screw-tip augmentation (Figure 1) in
order to increase the bone-implant interface and enhance implant anchorage in reduced
bone stock [32,33].

There is still considerable uncertainty about the actual and desirable treatment variants
of proximal humeral fractures. Most existing studies are based on clinical or bio-mechanical
investigations or deal with LPF as a single entity without further sub-divisions. For example,
trends across categories of surgical treatments of PHF were analyzed by Klug et al. [10]
and Patel et al. [11]. However, a detailed analysis for LPF and its multiple variants in
elderly patients is still missing. It can be assumed that care is provided inconsistently, since
disagreement in science results in variations in care [9].

The main research questions were therefore as follows: Which procedures are actually
performed and to what extent? Are there trends over time and across variants? Are
there differences between variants regarding patient characteristics, outcome, duration of
hospital stay and accrued cost?

The aim of this study was to evaluate the actual treatment reality beyond specialized
and highly publishing centers and to provide a base for further optimization of LPF in
clinical practice.
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Figure 1. Radiographs of three cases of four-part proximal humeral fractures treated with different
variants of locking plate fixation: PHILOS locking compression plate (a), plating with a combination
of PHILOS locking compression plate, cement augmentation and additional screw (b), and double
plating with one-third tubular plate (c). Each case is presented with pre- and post-operative X-
ray (al, b1, c1 and a3, b3, c3, respectively) and an exemplary step in the diagnostic/therapeutic
process: volume rendering technique (a2), CT with coronal re-construction (b2), surgery with plate
implantation via deltoidopectoral approach (c2).
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2. Materials and Methods

We conducted a retrospective study based on the health claims data of the Federal
Association of the Local Health Insurance Funds (Allgemeine Ortskrankenkasse (AOK)),
which was approved by the local institutional review board. The AOK is one of the largest
German health insurers, accounting for more than 27 million (37%) statutory insured
individuals in 2020. The statutory health insurance sector in turn covers nearly 90% of the
82 million German citizens [34].

The remuneration of health care services is regulated by mandatory coding rules,
including the coding of diagnoses (International Statistical Classification of Diseases and
Related Health Problems, German Modification; ICD-10 GM), procedures (German Pro-
cedure Classification; OPS) and drugs (Anatomical Therapeutic Chemical Classification
System; ATC). For this study, all elderly patients (age at hospitalization > 65 years) who had
a coded diagnosis of PHF (ICD 542.2) and were treated with LPF (OPS 5-794.21 or 5-794.k1)
from January 2010 to September 2018 were included for further analysis (n = 41,216). Pa-
tients with inconsistent data, previous humeral fracture fixation, both sides treated at index,
polytrauma or bone cancer were excluded to guarantee a homogenous cohort.

From the large variety of possible treatment options, we derived a systematic approach
encompassing the most common, most discussed and readily codable treatment options to
structure our further analysis, as depicted in Figure 2 below.
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Figure 2. Treatment variants of locked plate fixation.

Baseline values were determined by diagnoses, procedures or medication in the
two years prior to PHE. Co-morbidities were aggregated using the Charlson co-morbidity
index (CCI; German modification) [35-37]. Outcomes were assessed by 30-day mortality,
major adverse events (MAE; resuscitation, acute myocardial infarction, stroke, sepsis,
acute renal failure, acute liver failure, acute respiratory distress syndrome, multiple organ
failure or death); overall intra-hospital complication rate, infection, mechanical and non-
mechanical surgical complications; and re-operation during hospitalization. Further and
more detailed analysis was performed on sub-groups, which were formed according
to the treatment options of locking plate fixation, as outlined in Figure 2: treated with
LPF only; treated with additional fracture fixation including additional screw, cerclage or
plate; treated with additional augmentation using cement or bone, including allogenic or
autologous; or treated with a combination of these. The revenues of hospitals per case,
which are equivalent to the reimbursements paid by health insurers, are reported as costs
in this paper. The underlying codes are provided in the Supplementary Materials (Table S1)
and were otherwise defined as in Koppe et al. [38].

Statistical analysis was performed to determine annual trends of use for each treatment
variant and differences in age and sex distributions. Differences between treatment options
were tested using two-sided Chi-squared and Kruskal-Wallis tests for categorical and con-
tinuous variables. All analyses were fully explorative, and p-values were thus understood
in terms of hypothesis generation. p-values < 5% were interpreted as statistically noticeable.
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Information processing and analysis was performed using SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA).

3. Results
3.1. Cohort and Treatment Sub-Groups

The analyzed cohort contains a total of 41,216 individuals, of which 32,952 (80%) were
treated exclusively with a locking plate, while 5572 (14%) received additional fracture fixa-
tion, 1983 (5%) additional augmentation and 709 (2%) a combination of different materials.
The coded numbers for each treatment variant are given in Table 1.

Table 1. Treatment groups.

Procedure n (%)
LPF only 32,952 (80%)
LPF + additional fracture fixation 5572 (14%)
-LPF + cerclage 4465 (11%)
-LPF + additional screw(s) 963 (2%)
-LPF with double plating 144 (0%)
LPF + additional augmentation 1983 (5%)
-LPF + bone augmentation, autologous 76 (0%)
-LPF + bone augmentation, allogenic 764 (2%)
-LPF + cement augmentation 1143 (3%)
combination (non-disjoint) 709 (2%)
Total 41,216 (100%)

Rounding error in LPF + fracture fixation group.

3.2. Trends over Time

As provided in the Supplementary Materials (Table S2) and visualized in Figure 3,
the total number of treatments of PHFs with LPF steadily declined from 5487 in 2010
to around 4431 in 2017. In contrast, treatment variants with additional fracture fixation
and/or augmentation increased in absolute and relative numbers, with the exception of
the smallest sub-groups double plating (from 31 (1%) to 10 (0%)) and autologous bone
augmentation (from 11 (0%) to 4 (0%)).

5500
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B combination (non-disjoint)

4000 B LPF + cement augmentation
LPF + bone augmentation,
allogenic
LPF + bone augmentation,
autologous

B LPF with dual plating

3500

LPF + additional screw(s)
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M LPF + cerclage

M LPF only
2500
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Figure 3. Trends of treatment variants over time. Due to the required follow-up period, data for the
fourth quarter of 2018 were not included in the analysis. Therefore, values for 2018 were projected

based on the first to third quarter. The figure was scaled so that values below 2500 were truncated.
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The relative change (based on the mean of the first/last three years) was —35% for
LPF only, +58% for LPF + fracture fixation and +25% for LPF + augmentation.

3.3. Baseline Characteristics

Since some of the analyzed sub-groups are small, the following results describing the
cohort and its baseline parameters are reported on an aggregated level in Table 2. The
complete data are provided in the Supplementary Materials in Table S3.

Table 2. Treatment groups. Description of the cohort and values at baseline.

LPF +
LPF + Combination
LPF Only Fracture Augmentation  (Non-Disjoint) p-Value
Fixation

Age (median, IQR) 78 (11) 78 (11) 78 (11) 77 (11) <0.001
Sex (women) 27,698 (84%) 4601 (83%) 1646 (83%) 531 (75%) <0.001
Charlson co-morbidity index

(median, IOR) 2 (3) 2 (3) 2 (3) 2 (3) 0.975
Obesity 8815 (27%) 1512 (27%) 551 (28%) 195 (28%) 0.778
Nicotine abuse 1923 (6%) 408 (7%) 119 (6%) 50 (7%) <0.001
Alcohol abuse 1785 (5%) 309 (6%) 139 (7%) 61 (9%) <0.001
Dementia 1768 (5%) 303 (5%) 95 (5%) 33 (5%) 0.571
Parkinson’s 1351 (4%) 208 (4%) 83 (4%) 26 (4%) 0.853
Seropositive chronic polyarthritis 1983 (6%) 338 (6%) 142 (7%) 42 (6%) 0.490
Arthritis of the shoulder 670 (2%) 131 (2%) 54 (3%) 18 (3%) 0.229
Frozen shoulder 1492 (5%) 223 (4%) 82 (4%) 41 (6%) 0.319
Rotator cuff tear 2012 (6%) 378 (7%) 165 (8%) 66 (9%) <0.001
Osteoporosis 11,448 (35%) 1948 (35%) 824 (42%) 246 (35%) <0.001
Osteoporosis treatment 3243 (10%) 561 (10%) 225 (11%) 67 (9%) 0.188

Absolute number (n=), interquartile range (IQR), percent of sub-group (%).

The cohort had a median age of 78 years; 34,476 (84%) were women and 6740 (16%)
men. Across all sub-groups, 12-14% of patients had a Charlson co-morbidity index of >5,
as an indicator for a severe degree of co-morbidities. The aggregated prevalence across
all sub-groups was 16,191 (39%) for diabetes, 10,262 (25%) for previous stroke, 7512 (18%)
for atrial fibrillation and flutter, 12,070 (29%) for congestive heart failure, 12,471 (30%)
for coronary heart disease, 35,830 (87%) for hypertension, 6815 (17%) for atherosclerosis
and 10,857 (26%) for chronic kidney disease. Nicotine and alcohol abuse were notably
more common in groups treated with additional variants (p < 0.001). Other complicating
factors such as obesity, dementia or Parkinson’s disease showed no differences (Table 2).
Surgically relevant injury of the axillary artery or brachial plexus was rare, with 25 and
151 cases overall, respectively (<1%). A total of 14,466 (35%) patients were diagnosed with
osteoporosis, of which 4096 (10%) received an osteoporosis treatment. An osteoporosis
diagnosis was notably more likely in the augmentation group, with 42% of cases, compared
to an overall 35% (p < 0.001).

3.4. Outcomes and Complications

Outcomes and complications by sub-groups are shown in Table 3. The complete data
are provided in the Supplementary Materials in Table S4.
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Table 3. Outcomes and complications.
LPF + Fracture LPF + Combination
LPF Only Fixation Augmentation (Non-Disjoint) p-Value

Overall intra-hospital 4915 (15%) 806 (14%) 374 (19%) 116 (16%) <0.001
complication rate

Infection 171 (1%) 39 (1%) 16 (1%) 5 (1%) 0.102
Non-mechanical surgical 855 (3%) 136 (2%) 69 (3%) 22 (3%) 0.070
complication

Mechanical surgical 174 (1%) 32 (1%) 19 (1%) 8 (1%) <0.001
complication

Re-operation 2516 (8%) 408 (7%) 213 (11%) 65 (9%) <0.001
Major adverse event 1388 (4%) 247 (4%) 108 (5%) 32 (5%) 0.108
30-day mortality 734 (2%) 115 (2%) 51 (3%) 8 (1%) 0.285

Absolute number (n=), percent of sub-group (%).

Overall, intra-hospital death occurred in 675 cases (2%) and 30-day mortality in
908 cases (2%), with major adverse events in 1775 (4%) cases. The overall intra-hospital com-
plication rate was 6211 (15%) and was highest in the augmentation sub-group (p < 0.001),
with up to 22% (n = 17) in patients treated with additional autologous bone augmentation.
Similarly, the re-operation rate of 3202 (8%) for the total population was notably higher
in the augmentation sub-group (n = 213, 11%, p < 0.001). Mechanical complications were
generally rare (<1%). Within surgical complications, non-mechanical complications lead,
with 1082 (3%) ahead of mechanical complications with 233 (1%).

3.5. Length of Hospital Stay and Treatment Costs

Length of hospital stay (LOS) and treatment costs are shown in Table 4. The complete
data are provided in the Supplementary Materials in Table S5.

Table 4. Length of hospital stay and treatment costs.

LPF + Fracture LPF + Combination
LPF Only Fixation Augmentation (Non-Disjoint) p-Value
Length of stay (in days;
mean, SD) 14.6 (11.4) 14.4 (11.2) 15.9 (12.2) 15.1 (12.0) <0.001
Cost (in Euro; mean, SD)  6748.76 (£5626.63)  7987.40 (£4926.42)  8491.79 (+5087.06)  8673.78 (+5097.10) <0.001

Standard deviation (SD).

The LOS differed between 14 and 16 days across sub-groups (p < 0.001). The incurred
treatment costs increased from a mean EUR 6748.76 for LPF only to a maximum of EUR
8673.78 for a combination of different variants (p < 0.001).

4. Discussion

The most important findings of this study are that about 20% of the patients were
treated with additional procedures to LPE. These treatments were associated with more
complications, longer LOS and increased treatment costs.

Most patients were treated with LPF only. Additional treatment variants account for
less than 20% of coded treatments, and excluding cerclages, less than 10%. Pre-selection
of exclusively surgically treated elderly patients is accompanied by a clinically significant
prevalence of osteoporosis and complex cases [39] because simple fractures are likely to
be treated non-surgically and are consequently not included in this study. Given this
combination as an indication for enhanced stabilization [40], a larger proportion of treat-
ment variants from the augmentation sub-groups would be expected than the coded 5%
for bone augmentation and cement augmentation combined. LPF with autologous bone
augmentation was rarely used, which is probably due to the added complexity compared
to allogenic bone grafts [29]. Similarly, LPF with double plating was used in less than one
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percent of the patients. It is possible that surgeons prefer arthroplasty in cases that typically
would provide an indication for double plating in the elderly [24,41]. While there is an
absolute and a substantial relative growth of additional fracture fixation and to a lesser
extent augmentation, complementary materials are reserved for selected cases so far. Both
double plating and autologous bone augmentation further decreased at an already low
level and therefore seem to be reserved for special cases only.

The observed steady decline of LPF over the last decade is in line with literature
describing a shift toward other treatment options [10-12]. Despite the small absolute
number of additional treatment variants, trends over time and across variants do confirm
the adoption of innovative developments. However, a comparison of the coded and
imbursed number of cases with the literature and reported advances in surgical technique
shows that the real world lags behind specialized trauma centers and the optimal treatment
choices, as recommended in current reviews [42].

Patient characteristics and outcome for patients treated with LPF have been described
in previous investigations [38,43,44]. A prevalence of 35% osteoporosis in this cohort lies
at the far upper end of the expected range for the population [45]. When osteoporosis
was present, augmentation was more frequently performed, as bio-mechanical properties
would suggest. Notably, only 28% of patients diagnosed with osteoporosis received an os-
teoporosis treatment, unnecessarily increasing the risk of subsequent osteoporotic fractures,
which was previously shown to be 36% after five years [43]. Risk factors for a reduced
compliance differ regarding substance abuse, albeit with weak association. The largest
difference was observed between the sub-groups variant combination and LPF only with
9% versus 5%, followed by 7% in additional augmentation and 6% in additional fracture
fixation. We found no differences regarding dementia, which has previously been described
as a risk factor [46]. Based on these results, surgeons should include risk factors—such as
alcohol abuse—when making treatment decisions [47].

The outcomes show an association between more complex treatment variants and more
frequent complications. In this study, significantly higher complication and re-operation
rates were observed in the augmentation sub-groups. Since several studies had shown no
increased complication rate after augmentation [48,49], a pre-selection of more complex
cases that are necessarily being treated with bone or cement augmentation can be assumed.
From a surgical point of view, surgical and especially mechanical complications were
generally rare. The observed 30-day mortality of 2.2% in this treatment reality study is in
the same order of magnitude as previously reported values [38] and consistent with 5.4%,
as reported in the literature [7,50].

More complex treatment variants are associated with higher treatment costs, though at
a similar LOS of roughly 15 days. The large variance of LOS and treatment costs is caused
by the underlying exponential distribution and could be explained by the fact that a few
patients with a very high LOS, e.g., because of an adverse course, pull the mean and, hence,
the variance to higher values, which is typical for economic data.

This study has several limitations: Health claims data generally have an extraordinarily
high external validity and can be considered a strong source of real-world evidence [51-53].
Although the analyzed data were not originally collected for research purposes, they are
characterized particularly by their completeness, since uniform legal requirements exist
for coding diagnoses and procedures using ICD and OPS and these codes are compulsory
for reimbursement. Thus, the data capture the full range of the health care sector beyond
specialized and highly publishing centers. Errors and aberrant coding practices among
healthcare providers, if present, are likely to affect all groups uniformly. Nevertheless,
it cannot be excluded that more complex procedures are actually performed but coded
less frequently or completely (under-coding as a possible source of bias). As a limitation,
fracture mechanism and exact patterns are unknown. Furthermore, there is no information
on the size of hospitals or surgeons’ experience or treatment decision making, which might
contribute to a selection bias. Potential bias would be reduced by the large amount of health
claims data. No multi-variable analysis was performed in this predominantly descriptive
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study, since most sub-groups included only a small number of cases and showed no
notable differences.

The objective of the study was to assess the implications of the presented real-world
data. Further research on health technology assessment and cost-effectiveness must add to
existing clinical studies in order to determine the advantageousness of specific treatment
options from a socioeconomic perspective and to explain evolution of practice [54].

5. Conclusions

Based on real-world data of more than 40,000 patients, this study provides a broad
assessment of the treatment reality of PHFs in elderly patients in Germany. It is consistent
with the trend described in the literature of an overall decline of LPF in favor of alternative
surgical procedures. At the same time, it confirms the adoption of innovative developments.
There is both an absolute and relative increase in treatment variants, which collectively ac-
count for 20% of all coded plate fixations. This might indicate more personalized treatment
pathways considering LPF’s limitations, complications and their prevention.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jem12041440/s1, Table S1: Sub-group coding for different treatment
options; Table S2: Treatments per year by groups; Table S3: Description of the cohort and values at
baseline (detailed); Table S4: Outcomes and complications (detailed); Table S5: Length of hospital
stay and treatment costs (detailed).
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