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Can We Stratify Quality and Cost
for Older Patients With Proximal
and Midshaft Humerus Fractures?
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Abstract
Introduction: This study sought to investigate whether a validated trauma triage tool can stratify hospital quality measures
and inpatient cost for middle-aged and geriatric trauma patients with isolated proximal and midshaft humerus fractures.
Materials and Methods: Patients aged 55 and older who sustained a proximal or midshaft humerus fracture and required
inpatient treatment were included. Patient demographic, comorbidity, and injury severity information was used to calculate each
patient’s Score for Trauma Triage in the Geriatric and Middle-Aged (STTGMA). Based on scores, patients were stratified to
create minimal, low, moderate, and high risk groups. Outcomes included length of stay, complications, operative management,
ICU/SDU-level care, discharge disposition, unplanned readmission, and index admission costs. Results: Seventy-four patients
with 74 humerus fractures met final inclusion criteria. Fifty-eight (78.4%) patients presented with proximal humerus and 16
(21.6%) with midshaft humerus fractures. Mean length of stay was 5.5 + 3.4 days with a significant difference among risk groups
(P¼ 0.029). Lower risk patients were more likely to undergo surgical management (P¼ 0.015) while higher risk patients required
more ICU/SDU-level care (P < 0.001). Twenty-six (70.3%) minimal risk patients were discharged home compared to zero high
risk patients (P ¼ 0.001). Higher risk patients experienced higher total inpatient costs across operative and nonoperative
treatment groups. Conclusion: The STTGMA tool is able to reliably predict hospital quality measures and cost outcomes that
may allow hospitals and providers to improve value-based care and clinical decision-making for patients presenting with proximal
and midshaft humerus fractures. Level of Evidence: Prognostic Level III.
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Introduction

Proximal humerus fractures account for 4-5% of all fractures

and are the third most common fracture in older patients with

the highest incidence occurring among individuals aged

73-78 years old.1-3 In older patients, low velocity falls are the

most common mechanism of injury with 87-93% of all prox-

imal humerus fractures sustained secondary to falls from stand-

ing height.1,3-5 Similarly, midshaft humerus fractures account

for approximately 2% of all fractures with older patients often

sustaining injuries secondary to low energy falls.6,7 Standard

treatment for many nondisplaced or minimally displaced

proximal and midshaft humerus fractures is nonoperative man-

agement with focused physiotherapy and appropriate time for

healing.8,9 However, large scale studies have demonstrated a

rise in the surgical management of proximal and midshaft

humerus fractures.10,11

Upper extremity fractures in older patients account for

considerable health care costs, often leading to prolonged hos-

pitalization related to advanced age and living conditions.12

Estimates from the United States Census Bureau project the
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population aged 65 and older to nearly double from 2012 to

2050, and the expanding older population has necessitated an

increase in the number of proximal and midshaft humerus

fractures requiring inpatient care.11,13-15 Yet, only 43% of

patients aged 65 and older are discharged home following

admission for a proximal humerus fracture.16 Coupled with the

rising costs of post-acute care facilities, relative to home dis-

charge, older patients with humerus fractures face a potentially

significant economic burden.17

Given the foreseeable transition from fee-for-service toward

a bundled payment model in the field of orthopedic trauma, it is

also important that providers and hospital systems be able to

predict patient outcomes and quantify excess cost expenditures

to optimize value-based care.18 Although several studies have

identified risk factors affecting hospital length of stay, compli-

cations, discharge disposition, and cost following humerus

fractures, these studies provide little functional and clinical

value because they do not collectively integrate variables into

a single usable scoring system to risk stratify patients.19-21 Risk

stratification of middle-aged and geriatric patients with frac-

tures has identified a number of differences between hospital

quality outcomes, discharge disposition distributions, and cost

across the spectrum of minimal to high risk patients.22-27

Therefore, the primary aim of this study is to demonstrate

whether a validated trauma triage tool can be used to stratify

middle-aged and geriatric patients with proximal and midshaft

humerus fractures regarding hospital quality metrics, discharge

disposition, readmission rate, and cost. Secondarily, this study

sought to quantitatively characterize these metrics for this sub-

set of patients after stratifying by surgical management.

Materials and Methods

Research was performed at an urban, academic hospital with

level I trauma center designation. Between September 2014

and September 2018, patients aged 55 and older who presented

to the emergency department and sustained a proximal (OTA

11-A/B/C) or midshaft (OTA 12-A/B/C) humerus fracture that

required inpatient admission were eligible for this study.

Patients with concomitant fractures or those who underwent

surgical management for any concomitant injury (e.g. hemo-

peritoneum) were excluded. Humerus injuries occurred follow-

ing low or high energy mechanisms of injury. Low energy

mechanisms of injury included falls from standing or� 2 stairs.

High energy mechanisms of injury included falls from

height > 2 stairs, motor vehicle accidents, motorcycle acci-

dents, motor vehicle pedestrian collisions, or motorcycle

pedestrian collisions. All relevant information from the initial

emergency department assessment and subsequent hospitaliza-

tion was extracted from electronic medical records and

recorded in an IRB-approved database.

Patient demographic, comorbidity, and injury severity infor-

mation was collected on initial emergency department evalua-

tion. Study variables included age, Glasgow Coma Scale

(GCS) at presentation, Charlson Comorbidity Index (CCI), as

well as Abbreviated Injury Severity sub-scores for the Head &

Neck (AIS-HN), Chest (AIS-Chest), and Extremity & Pelvis

(AIS-EP). These variables were used to calculate each patient’s

Score for Trauma Triage in the Geriatric and Middle-Aged

(STTGMA), which represents the predicted risk of inpatient

mortality during the index hospitalization (scale: 0-100%).

As previously described, patients were stratified into 4 groups

based on these scores to create a minimal risk (< 1.2%), low

risk (1.2-3.2%), moderate risk (3.2-9.4%), and high risk group

(> 9.4%).23

Information on length of stay (LOS), complications, surgi-

cal management, need for intensive care unit (ICU) or

step-down unit (SDU) level care, and discharge disposition was

gathered throughout the index hospitalization. Criteria for ICU/

SDU-level care included critical illnesses/injuries that acutely

impair one or more vital organ systems (e.g. changes in hemo-

dynamic, pulmonary, and neurologic function). Complications

included acute renal failure, surgical site infection, decubitus

ulcer, urinary tract infections, acute anemia, sepsis, pneumonia,

acute respiratory failure, myocardial infarction, deep vein

thrombosis, pulmonary embolism, cardiac arrest, stroke, and

inpatient mortality. Patients were followed for 30 days after

discharge to monitor for unplanned readmission. Aggregate

hospitalization cost data was obtained from the hospital finance

department and subdivided into the following categories:

room/board, emergency department (ED), pharmacy, labora-

tory/pathology, radiology, dialysis, cardiology, procedural,

allied health, and other (e.g. blood products).

As appropriate, analysis of variance (ANOVA), indepen-

dent samples t-, chi-square, and Fisher exact tests were used

to determine differences across risk groups and within risk

groups on subanalysis with statistical significance set a priori

at P < 0.05. All statistical analysis was performed using IBM

SPSS Statistics version 26 (IBM Corporation, Armonk, NY).

Results

During the study period, we identified 280 patients who

presented to our emergency department and were diagnosed

with a proximal or midshaft humerus fracture. One hundred

eighty-three patients (65.4%) were treated and discharged

directly from the emergency department, while 97 (34.6%)

were admitted for further workup and management.

Twenty-three patients requiring inpatient care had a concomi-

tant fracture or underwent surgical management for a conco-

mitant injury and were excluded. Therefore, a total of 74/280

patients (26.4%) met final inclusion criteria for this analysis.

Distribution of injuries in the cohort included: 58 (78.4%)

patients who presented with isolated proximal humerus frac-

tures and 16 (21.6%) who presented with isolated humeral shaft

fractures (Figure 1).

The mean age of the cohort was 75.0+ 11.7 years. The major-

ity (73.0%) of injuries occurred secondary to low-energy mechan-

isms. There were no open fractures. The mean GCS was

14.8 + 0.7. The mean CCI was 1.4 + 1.6 with 27 (36.5%)

patients having a CCI of 0. The mean AIS subscores were:

0.4 + 0.9 for AIS-HN, 0.2 + 0.5 for AIS-Chest, and 2.4 + 0.6
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for AIS-EP. The mean STTGMA score was 3.0 + 6.5. Using

calculated STTGMA scores, 37 (50.0%) patients were classified

as minimal risk, 22 (29.7%) were low risk, 11 (14.9%) were

moderate risk, and 4 (5.4%) were high risk.23 Baseline risk group

characteristics are further described in Table 1.

The mean LOS for the entire cohort was 5.5 + 3.4 days with

a significant difference across risk groups (P¼ 0.029). Patients

in the minimal risk group had a mean LOS of 4.9 + 3.2 days,

compared with 9.0 + 3.2 days in the high risk group. The mean

number of complications was 0.2 + 0.5 with no significant

difference across risk groups. There were no cases of inpatient

mortality. Seventeen (23.0%) patients underwent surgical man-

agement of their proximal or midshaft humerus fracture during

the index hospitalization with a significant difference in use of

surgery across risk groups (P ¼ 0.015). In the minimal risk

group, 14 (37.8%) patients underwent operative management

while all patients in the high risk group were managed nono-

peratively. In the total cohort, 7 (9.5%) patients required ICU/

SDU-level care with a marked difference across risk groups

(P < 0.001). Three (75.0%) patients in the high risk group

required this level of advanced care, compared with 2 (5.4%)

patients in the minimal risk group. This difference across risk

groups was further seen in the need for post-acute care facilities

(e.g. subacute rehabilitation and skilled nursing facility) fol-

lowing discharge (P ¼ 0.001). While 26 (70.3%) minimal risk

patients were discharged home, all high risk patients were dis-

charged to post-acute care facilities. The overall unplanned

readmission rate within 30 days of discharge was 8.1% with

no difference across risk groups (Table 2).

Subanalysis of risk groups stratified by surgical manage-

ment demonstrated a significant difference in complications

between nonoperative and operative low risk patients

(P ¼ 0.008). The mean number of complications for patients

in the nonoperative low risk group was 0.1 + 0.3, compared

with 1.0 + 0.0 in the operative low risk group. There was a

significant difference in need for ICU/SDU-level care for

Patients Identified
� All patients (n = 280)

Excluded
� Discharged from ED (n = 183)

Initial Inclusion
� Admitted from ED (n = 97)

Excluded
� Concomitant fracture or operative injury (n = 23)

Final Inclusion
� Total (n = 74)
� Proximal humerus fracture (n = 58)
� Midshaft humerus fracture (n = 16)

Figure 1. Research methodology flow chart.

Table 1. Baseline Characteristics by Risk Group.

Variable
Total cohort Minimal risk Low risk Moderate risk High risk

P Value(n ¼ 74) (n ¼ 37) (n ¼ 22) (n ¼ 11) (n ¼ 4)

Age (y), mean + SD 75.0 + 11.7 66.2 + 6.8 84.2 + 9.2 82.1 + 7.6 87.1 + 3.7 < 0.001
GCS, mean + SD 14.8 + 0.7 14.9 + 0.5 14.9 + 0.3 14.5 + 1.2 14.3 + 1.0 0.085
CCI, mean + SD 1.4 + 1.6 0.8 + 1.0 1.7 + 1.2 2.3 + 2.6 2.8 + 1.5 0.002
AIS-HN, mean + SD 0.4 + 0.9 0.1 + 0.2 0.2 + 0.5 0.9 + 1.4 2.8 + 1.3 < 0.001
AIS-Chest, mean + SD 0.2 + 0.5 0.0 + 0.2 0.1 + 0.2 0.4 + 0.5 1.3 + 1.3 < 0.001
AIS-EP, mean + SD 2.4 + 0.6 2.5 + 0.7 2.1 + 0.5 2.3 + 0.5 2.0 + 0.0 0.033
STTGMA (%), mean + SD 3.0 + 6.5 0.6 + 0.3 2.0 + 0.6 5.0 + 2.3 25.0 + 16.7 < 0.001

Abbreviations: GCS, Glasgow Coma Scale; CCI, Charlson Comorbidity Index; AIS-HN, Abbreviated Injury Severity Head & Neck; AIS-Chest, Abbreviated Injury
Severity Chest; AIS-EP, Abbreviated Injury Severity Extremity & Pelvis; STTGMA, Score for Trauma Triage in the Geriatric and Middle-Aged.
Bold value denotes statistically significant result at P < 0.05.
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nonoperative patients across risk groups (P ¼ 0.001), but no

difference between nonoperative and operative patients

within any of the same risk groups. There were significant

differences in home discharge for nonoperative and operative

patients across risk groups (P ¼ 0.020 and P ¼ 0.029, respec-

tively), but no difference between nonoperative and operative

patients within any of the same risk groups. All other within

group and between group comparisons were noncontributory

(Table 3).

In the entire cohort, there was no difference in total inpatient

cost among risk groups. With respect to subdivisions of care,

there were significant differences in room/board (P ¼ 0.013),

pharmacy (P ¼ 0.001), and procedural costs (P ¼ 0.034)

between risk groups. Compared to the minimal risk group, high

risk patients experienced 118.9% higher room/board and

280.3% higher pharmacy costs. While the mean procedural

cost was $6575 for the minimal risk group, there were no

procedural costs for the high risk group (Table 4).

After stratifying risk groups by surgical management, there

was a large difference between the total inpatient cost among

nonoperative risk groups (P ¼ 0.022). Nonoperative high risk

patients experienced 103.7% higher total cost relative to the

nonoperative minimal risk group. The mean total inpatient cost

difference between operative and nonoperative patients was

$16948 (P < 0.001). This difference was significant for all

within STTGMA group comparisons, rising from $17229

between minimal risk patients to a difference of $23790

between operative and nonoperative moderate risk patients.

Remaining detailed cost differences within and between risk

groups are reported in Table 5.

Table 2. Hospital Quality Measures, Discharge Disposition, and Readmission Rate of Risk Groups.

Variable
Total cohort Minimal risk Low risk Moderate risk High risk

P value(n ¼ 74) (n ¼ 37) (n ¼ 22) (n ¼ 11) (n ¼ 4)

LOS (d), mean + SD 5.5 + 3.4 4.9 + 3.2 5.2 + 3.0 7.3 + 3.8 9.0 + 3.2 0.029
Complications, mean + SD 0.2 + 0.5 0.2 + 0.5 0.1 + 0.4 0.3 + 0.6 0.3 + 0.5 0.872
Underwent surgical management, n (%) 17 (23.0) 14 (37.8) 1 (4.5) 2 (18.2) 0 (0.0) 0.015
ICU/SDU care rate, n (%) 7 (9.5) 2 (5.4) 0 (0.0) 2 (18.2) 3 (75.0) < 0.001
Home discharge rate, n (%) 35 (47.3) 26 (70.3) 6 (27.3) 3 (27.3) 0 (0.0) 0.001
Readmission rate, n (%) 6 (8.1) 2 (5.4) 2 (9.1) 1 (9.1) 1 (25.0) 0.372

Abbreviations: LOS, length of stay; ICU, intensive care unit; SDU, step-down unit.
Bold value denotes statistically significant result at P < 0.05.

Table 3. Hospital Quality Measures, Discharge Disposition, and Readmission Rate of Risk Groups Stratified by Surgical Management.a

Variable
Total cohort Minimal risk Low Risk Moderate risk High risk

P Value*(n ¼ 74) (n ¼ 37) (n ¼ 22) (n ¼ 11) (n ¼ 4)

LOS (d), mean + SD
Nonoperative (n ¼ 57) 5.4 + 3.5 4.7 + 3.5 5.1 + 3.0 6.6 + 3.8 9.0 + 3.2 0.092
Operative (n ¼ 17) 5.9 + 3.1 5.1 + 2.8 7.0 + 0.0 10.5 + 0.7 — 0.057
P Valuey 0.638 0.690 0.542 0.198 — —

Complications, mean + SD
Nonoperative (n ¼ 57) 0.2 + 0.5 0.2 + 0.5 0.1 + 0.3 0.3 + 0.7 0.3 + 0.5 0.635
Operative (n ¼ 17) 0.2 + 0.4 0.1 + 0.4 1.0 + 0.0 0.0 + 0.0 — 0.077
P Valuey 0.897 0.641 0.008 0.538 — —

ICU/SDU care rate, n (%)
Nonoperative (n ¼ 57) 7 (12.3) 2 (8.7) 0 (0.0) 2 (22.2) 3 (75.0) 0.001
Operative (n ¼ 17) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) — —
P Valuey 0.192 0.517 — 1.000 — —

Home discharge rate, n (%)
Nonoperative (n ¼ 57) 24 (42.1) 15 (65.2) 6 (28.6) 3 (33.3) 0 (0.0) 0.020
Operative (n ¼ 17) 11 (64.7) 11 (78.6) 0 (0.0) 0 (0.0) — 0.029
P Valuey 0.101 0.477 1.000 1.000 — —

Readmission rate, n (%)
Nonoperative (n ¼ 57) 6 (10.5) 2 (8.7) 2 (9.5) 1 (11.1) 1 (25.0) 0.759
Operative (n ¼ 17) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) — —
P Valuey 0.326 0.517 1.000 1.000 — —

Abbreviations: LOS, length of stay; ICU, intensive care unit; SDU, step-down unit.
aP value* analyzes differences across STTGMA groups. P valuey analyzes differences within a specific STTGMA group.
Bold value denotes statistically significant result at P < 0.05.
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Discussion

In this study, we sought to use a mortality risk stratification tool

to predict hospital quality metrics and direct variable costs

incurred for patients experiencing proximal and midshaft

humerus fractures. Patients with higher STTGMA risk scores

experienced longer hospital stays and were more likely to

receive nonoperative management. They also had a greater

need for ICU/SDU-level care and were less often discharged

home compared to patients with lower scores. Additionally,

STTGMA stratification demonstrated significant cost differ-

ences in room/board, pharmacy, and procedural subdivisions

of care across risk groups. After stratifying patients based on

surgical management, there were significant differences in

need for ICU/SDU-level care and post-acute care facilities

following discharge across operative and nonoperative risk

groups. Subanalysis further demonstrated within- and

across-group differences pertaining to total inpatient cost and

the following subdivisions of care: ED, pharmacy, cardiology,

procedural, and other (e.g. blood products).

The STTGMA risk prediction tool originated with the goal

of real-time use in the emergency department to triage patients

experiencing orthopedic trauma. Since its inception, it has

demonstrated efficacy in stratifying hospital quality measures

(e.g. LOS, ICU/SDU-level care, and complications), discharge

disposition, inpatient direct variable costs, and long-term func-

tional outcomes in middle-aged and geriatric patients experi-

encing orthopedic trauma.24-31 Similarly, this tool has

demonstrated utility when applied to hip and femur fractures,

ankle fractures, and tibial shaft and plateau fractures.22,23,29

The STTGMA score is calculated using factors determined at

the time of presentation to the emergency department including

age, medical comorbidities, mechanism of injury, and conco-

mitant injuries and severity. Using these metrics, all of which

are typically available at presentation, early decision-making

processes can be implemented to tailor care to patients that may

be at risk for longer hospital stays with increased complications

and greater utilization of post-acute care facilities.

In the aggregate cohort of patients with proximal and mid-

shaft humerus fractures, those with higher STTGMA scores

experienced longer lengths of index hospitalization. Given that

hospital LOS is a large contributor to cost, it is important to

identify factors that influence LOS to both improve patient

outcomes and conserve hospital expenses. The LOS outcomes

(mean 5.5 days) among all proximal and midshaft humerus

fracture patients in our study are consistent with the ranges

seen in other analyses. For instance, a recent study identified

a mean LOS of 4.5 days for all patients aged 65 and older who

sustained an isolated proximal humerus fracture and were

admitted at a single level I trauma center.32 Similarly, a separate

study found a mean LOS of 4.4 days for all patients aged 60 and

older who presented with isolated proximal humerus fractures

and were admitted from the ED at a community-based level

I trauma center.33 Notably, in a large database study of 42511

patients aged 60 and older who were admitted for a proximal

humerus fracture, the mean LOS of operatively treated patients

was 6.1 days while the mean LOS of nonoperatively treated

patients was 7.3 days.34 Furthermore, a prospective, observation

cohort study of humeral midshaft fracture patients found a med-

ian LOS of 7.3 days for those treated operatively and a median

LOS of 5.2 days for those treated nonoperatively after adjusting

for recorded additional injuries and pre-existing medical condi-

tions.35 Given this, it is important to identify other factors that

can be modified to reduce LOS.

Conversely, there was no difference in overall complication

rates between STTGMA groups. However, when stratified by

treatment (operative vs. nonoperative), patients in the

STTGMA low risk group that underwent operative treatment

had a significantly higher rate of complications secondary to

surgical intervention compared to those that were managed

nonoperatively. These findings are similar to those previously

described, wherein more in-hospital complications were

reported for patients undergoing surgical fixation for proximal

humerus fractures than for those treated nonoperatively.36

Additionally, the complication rate observed throughout the

STTGMA strata is consistent with the number of previously

Table 4. Index Admission Costs of Care of Risk Groups.

Variable
Total cohort Minimal risk Low risk Moderate risk High risk

P value(n ¼ 74) (n ¼ 37) (n ¼ 22) (n ¼ 11) (n ¼ 4)

Total ($), mean + SD 14,601 + 10,488 16,385 + 11,763 9,832 + 4,991 16,136 + 12,767 20,097 + 6,610 0.070
Room/Board ($), mean + SD 6,793 + 4,604 6,028 + 4,315 6,172 + 3,752 8,279 + 5286 13,196 + 5,292 0.013
ED ($), mean + SD 540 + 181 532 + 200 569 + 180 498 + 128 581 + 150 0.709
Pharmacy ($), mean + SD 510 + 831 519 + 769 271 + 194 429 + 395 1,974 + 2,372 0.001
Laboratory/Pathology ($), mean + SD 246 + 180 256 + 190 201 + 143 275 + 226 317 + 152 0.505
Radiology ($), mean + SD 1,377 + 657 1,365 + 720 1,284 + 424 1,421 + 636 1,882 + 1,127 0.421
Dialysis ($), mean + SD 86 + 561 0 + 0 87 + 407 405 + 1,343 0 + 0 0.211
Cardiology ($), mean + SD 148 + 161 114 + 132 159 + 181 178 + 189 309 + 142 0.105
Procedural ($), mean + SD 3,904 + 8,402 6,575 + 10,219 418 + 1,960 3,310 + 8,463 0 + 0 0.034
Allied health ($), mean + SD 561 + 515 465 + 450 540 + 429 778 + 669 966 + 860 0.123
Other ($), mean + SD 436 + 676 532 + 777 131 + 271 564 + 754 872 + 608 0.061

Abbreviations: LOS, length of stay; ICU, intensive care unit; SDU, step-down unit.
Bold value denotes statistically significant result at P < 0.05.
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reported in-hospital complications occurring in patients with

humeral injuries.36

Moreover, patients with higher STTGMA scores were less

likely to undergo operative management. Use of the STTGMA

tool for treatment planning with regard to operative and non-

operative management of minimal, low, moderate, and high

risk patients is a novel, but important concept. This is the first

study to directly compare outcomes in a cohort of both

operative and nonoperative patients using the STTGMA tool.

Operative treatment of proximal and midshaft humerus injuries

has been demonstrated to be equally effective with regard to

patient satisfaction measures and longitudinal outcomes when

compared to nonoperative treatment.37 However, up to 40% of

complications in operatively treated humerus injuries are

related to improper surgical technique.38 By using the

STTGMA tool upon presentation, higher risk patients initially

Table 5. Index Admission Costs of Care of Risk Groups Stratified by Surgical Management.a

Variable
Total cohort Minimal risk Low risk Moderate risk High risk

P value*(n ¼ 74) (n ¼ 37) (n ¼ 22) (n ¼ 11) (n ¼ 4)

Total ($), mean + SD
Nonoperative (n ¼ 57) 10,707 + 6,728 9,866 + 6,861 9,367 + 4,598 11,811 + 8,121 20,097 + 6,610 0.022
Operative (n ¼ 17) 27,655 + 10,410 27,095 + 10,237 19,608 + 0 35,601 + 13,273 — 0.433
P Valuey < 0.001 < 0.001 0.042 0.007 — —

Room/Board ($), mean + SD
Nonoperative (n ¼ 57) 6,964 + 5,037 6,249 + 5,157 6,184 + 3,844 7,842 + 5,803 13,196 + 5,292 0.057
Operative (n ¼ 17) 6,219 + 2,737 5,664 + 2,518 5,935 + 0 10,244 + 806 — 0.077
P Valuey 0.562 0.648 0.950 0.588 — —

ED ($), mean + SD
Nonoperative (n ¼ 57) 564 + 194 579 + 230 574 + 183 494 + 142 581 + 150 0.713
Operative (n ¼ 17) 462 + 99 454 + 107 458 + 0 517 + 42 — 0.728
P Valuey 0.040 0.064 0.544 0.829 — —

Pharmacy ($), mean + SD
Nonoperative (n ¼ 57) 491 + 935 532 + 966 253 + 179 281 + 236 1,974 + 2,372 0.005
Operative (n ¼ 17) 576 + 295 496 + 238 645 + 0 1097 + 148 — 0.014
P Valuey 0.715 0.892 0.045 0.001 — —

Laboratory/Pathology ($), mean + SD
Nonoperative (n ¼ 57) 237 + 178 260 + 200 203 + 146 221 + 204 317 + 152 0.580
Operative (n ¼ 17) 275 + 192 249 + 178 154 + 0 517 + 184 — 0.147
P Valuey 0.449 0.871 0.745 0.094 — —

Radiology ($), mean + SD
Nonoperative (n ¼ 57) 1,401 + 693 1,465 + 868 1,276 + 433 1,317 + 408 1,882 + 1,127 0.410
Operative (n ¼ 17) 1,296 + 533 1,201 + 342 1,448 + 0 1,886 + 1480 — 0.238
P Valuey 0.567 0.203 0.703 0.683 — —

Dialysis ($), mean + SD
Nonoperative (n ¼ 57) 112 + 638 0 + 0 91 + 417 495 + 1,485 0 + 0 0.254
Operative (n ¼ 17) 0 + 0 0 + 0 0 + 0 0 + 0 — —
P Valuey 0.475 — 0.833 0.662 — —

Cardiology ($), mean + SD
Nonoperative (n ¼ 57) 166 + 174 141 + 160 165 + 184 167 + 196 309 + 142 0.378
Operative (n ¼ 17) 87 + 81 70 + 37 39 + 0 226 + 209 — 0.021
P Valuey 0.011 0.051 0.511 0.711 — —

Procedural ($), mean + SD
Nonoperative (n ¼ 57) 0 + 0 0 + 0 0 + 0 0 + 0 0 + 0 —
Operative (n ¼ 17) 16,993 + 9,258 17,377 + 9,330 9,193 + 0 18,205 + 13,189 — 0.709
P Valuey < 0.001 < 0.001 — < 0.001 — —

Allied health ($), mean + SD
Nonoperative (n ¼ 57) 585 + 552 505 + 512 539 + 439 726 + 731 966 + 860 0.382
Operative (n ¼ 17) 481 + 366 400 + 330 559 + 0 1,012 + 258 — 0.075
P Valuey 0.470 0.498 0.965 0.611 — —

Other ($), mean + SD
Nonoperative (n ¼ 57) 188 + 324 135 + 233 82 + 141 268 + 344 872 + 608 < 0.001
Operative (n ¼ 17) 1,267 + 876 1,183 + 919 1,176 + 0 1,897 + 632 — 0.587
P Valuey < 0.001 0.001 < 0.001 < 0.001 — —

Abbreviations: LOS, length of stay; ICU, intensive care unit; SDU, step-down unit.
aP value* analyzes differences across STTGMA groups. P valuey analyzes differences within a specific STTGMA group.
Bold value denotes statistically significant result at P < 0.05.
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considered as operative candidates may be presented with non-

operative treatment options to avoid unnecessary risk of excess

complications and poor outcomes.

Additionally, patients with higher STTGMA scores more

frequently required ICU/SDU-level care. Upon further inspec-

tion, only patients in the nonoperative group were found to

require this advanced level of care. Because the STTGMA

score provides a profile of the patient upon presentation, it can

be inferred that patients less suitable for surgical candidacy

may be at a higher risk for requiring advanced care and should

be followed more closely during their hospitalization. ICU/

SDU-level care has been associated with an increased need for

post-hospitalization resources, readmission, and a reduction in

patient-reported quality of life.39,40 As has been previously

demonstrated, the STTGMA tool can predict which patients

may require advanced levels of care during their index hospi-

talization to allow for appropriate preparation and setting of

patient and provider expectations.26

In this study, patients with greater STTGMA scores were

also less frequently discharged home and more often required

post-acute care following their hospitalization. Discharge to

post-acute care facilities is related to poorer outcomes includ-

ing an increased risk of future complications, readmission, and

mortality.41-43 Previous reports demonstrate that defined

post-acute care pathways can result in lower expenditures and

decreased resource use.44,45 Additionally, providing patients

with realistic expectations regarding the course of their care

facilitates increased satisfaction after hospitalization.46

Because the STTGMA tool is able to accurately predict dis-

charge disposition for older patients with proximal and mid-

shaft humerus fractures regardless of treatment intervention,

discharge planning can be started early after injury to minimize

resource utilization and improve patient satisfaction.

Although readmission after traumatic hospitalization has been

associated with discharge location, even after accounting for

injury severity and comorbidities, this study found no significant

difference in the number of readmissions after hospitalization

across STTGMA risk groups.47 However, after stratifying

patients based on operative vs nonoperative management, all

patients who required readmission were in the nonoperative

cohort. These readmissions were unplanned, and mostly occurred

secondary to altered mental status. Additionally, there was no

difference between readmission rates across risk groups for the

nonoperative cohort. Collectively, these findings may demon-

strate that patients who require inpatient care for their proximal

or midshaft humerus fracture but are not healthy enough to

undergo surgical management are at a higher risk for readmission

compared to their surgically treated counterparts.

To ultimately improve value-based care, hospital systems

and providers must also understand the principle drivers of

inpatient cost. Unfortunately, the direct variable costs associ-

ated with proximal and midshaft humerus fractures are not

commonly reported. Hasty et al. found that mean Medicare

reimbursements for surgically treated proximal humerus frac-

tures ranged from $10368 to $12133.48 However, these find-

ings are limited because reimbursements are not equivalent to

direct variable costs. Additionally, Thorsness et al. used a Med-

icare claims database to evaluate cost drivers following surgi-

cal management of proximal humerus fractures in the Upstate

New York area, reporting median in-hospital costs to range

from $14967 to $20508.49 Of note, Thorsness et al. considered

in-hospital costs to comprise both initial admission cost and

90-day readmission cost.49 Moreover, there has been limited

investigation of cost implications regarding operative and non-

operative management of humeral shaft fractures. Although

one group is conducting a single-center prospective rando-

mized controlled trial to evaluate these parameters, their results

have not yet been reported.50

In the analysis of our entire cohort, room/board was the

largest monetary contributor to inpatient care, comprising over

45% of the total index admission cost. This finding corrobo-

rates other studies that have described the main contributing

factors to inpatient cost for middle-aged and geriatric patients

with orthopedic trauma.22,23 When patients were stratified by

operative vs nonoperative management, room/board accounted

for appropriately 65% of the inpatient cost for the nonoperative

cohort and 22% of the inpatient cost for the operative cohort.

Interestingly, after stratifying by treatment type, the percent

contribution of room/board to total inpatient cost remained

stable across STTGMA risk groups. This finding signifies

that as room/board cost steadily increases throughout the hos-

pitalization, there is a parallel rise in other costs of care (e.g.

pharmacy, laboratory/pathology, radiology, etc.). Furthermore,

patients who underwent surgical treatment accrued signifi-

cantly higher inpatient costs across all risk groups relative to

nonoperatively treated patients. Therefore, establishing base-

line expected treatment pathways for proximal and midshaft

humerus fracture patients upon admission may allow for early

optimizing of factors that greatly contribute to inpatient cost

and are prone to overuse. In addition, the creation of risk

stratified cost thresholds will allow providers to more accu-

rately determine whether they are over- or undertreating

proximal and midshaft humerus fracture patients based on

calculated STTGMA scores.

While previous studies have been limited to using claims

data as a proxy for cost, a strength of this study includes the use

of direct variable cost.48,49 This information allowed us to pre-

cisely identify high utilization areas that we may better target to

provide cost-effective care. Yet, despite its strengths, this study

still has limitations. The reduced sample size collected over a

4-year period reflects the stringent exclusion of patients under

the age of 55 and those who underwent operative management

for any concomitant injury. Because of the bimodal distribution

of proximal and midshaft humerus fractures with most younger

patients experiencing high-energy mechanisms of injury and

older patients experiencing low-energy fractures, some patients

were excluded secondary to our study’s age requirement.15,51,52

Additionally, many of the patients who initially presented to

our ED where treated without the need for inpatient services,

aligning with findings from other previous studies.33,53 As a

result, the sample size was not large enough to detect differ-

ences across STTGMA groups that trended toward significance
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(e.g. LOS and room/board cost) after separating operative from

nonoperative patients. Moreover, our findings are only infor-

mative regarding individuals treated in an inpatient setting and

are not generalizable to the entire population which includes

individuals treated on an outpatient basis. Additionally, given

the retrospective nature of this study, we were unable to report

indications for inpatient admission because they were not con-

sistently specified. Furthermore, since this study took place at

an academic medical center, cost data findings may not be

consistent with findings at nonacademic institutions. Finally,

even though all patients were followed closely throughout

hospitalization, it is possible that patients may have sought

subsequent care at another institution within the 30-day period

following hospitalization, thereby falsely reducing our center’s

readmission rate.

Conclusion

In conclusion, the STTGMA tool is able to accurately predict

several key hospital quality measures that will allow clinicians

to make informed choices in the treatment of proximal and

midshaft humerus fracture patients.
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