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Abstract
Background: The aim of our study was to explore the risk factors affecting the treatment of humeral head
replacement.

Methods: 52 patients with humeral head replacement surgery were enrolled in the study. The information
of patients were recorded. The treatment outcomes of humeral head replacement were evaluated by
ASES scores. The indicators that may affect humeral head arthroplasty surgery effect were analyzed by
univariate analysis and multivariate logistic regression analysis.

Results: Univariate analysis showed: the differences of age, time from injury to surgery, time to start
exercising after surgery, whether the patient regular follow-up, visual Analogue Scale(VSA), whether with
shoulder dislocation, and whether with osteoporosis, were statistically signi�cant (P <0.05). Multivariate
Logistic regression analysis showed that age, time from injury to surgery, whether with shoulder
dislocation, time to start exercising after surgery, and whether the patient regular follow-up were the
in�uencing factors, but whether with osteoporosis and VSA were not illustrated as a risk factor.

Conclusion: Age, time from injury to surgery, time to start exercising after surgery, whether with shoulder
dislocation, and whether the patient regular follow-up may be the chief factors affecting humeral head
replacement surgery.

Trial Registration: This trial was registered at the Research Registry on June 22,
2018(researchregistry3243, https://www.researchregistry.com/browse-the-registry).

1. Background
Proximal humeral fractures are a common clinical fracture, accounting for 4%-5% of the whole body
fracture, with 20%~30% are complex, displaced, and unstable fracture[1–3]. With the aging of the society,
proximal humeral fractures become more and more common in elder patients with osteoporosis[4], and
the incidence of proximal humeral fracture increased gradually for elder patients over the age of 60 year
old[5]. Known possible consequences of proximal humerus fractures include impaired shoulder function,
decreased independence, and increased risk for mortality, especially Neer four-part fracture and Neer
three-part fracture[6]. The primary goal of therapy is to relieve pain of limb, restore function of shoulder
joint. The traditional method of internal �xation has a high failure rate of fracture reduction, poor recovery
of postoperative shoulder function, especially Neer four-part fractures[7]. Thus, more and more scholars
advocated the use of arti�cial humeral head for the treatment of complex proximal humeral fracture,
because of signi�cant improvement of humeral head replacement skills and the progress of prosthesis
design[8, 9].

However, there were some studies[10, 11] which reported that the outcome of humeral head replacement
was not very satis�ed. Frombach, et al.[12] found when operative treatment is indicated, surgical �xation
is often di�cult or impossible to obtain. Hemiarthroplasty has long been the standard of care. However,
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with its reliance on tuberosity healing, functional outcomes and patient satisfaction are often poor.
Hasan et al[13] reported on 139 consecutive patients who were dissatis�ed with their shoulder
replacement; 74% described stiffness, and 35% complained of instability. They suggested that the
complications of humeral head replacement could not be ignored such as signi�cant postoperative pain,
motion limited, and instability. In order to improve the e�cacy, the factors affecting the treatment of
humeral head replacement should be further explored. So, this study recruited 52 patients who had
underwent humeral head replacement surgery in our hospital from January 2011 to January 2014, and
the purpose of this retrospective study is to investigate the risk factors on the treatment of humeral head
replacement. And we hypothesized that age, sex, cause of injury, type of fracture, time from injury to
surgery, time to start exercising after surgery, visual Analogue Scale(VSA), whether with shoulder
dislocation, whether with cerebral infarction history, whether the patient regular follow-up, whether with
osteoporosis, whether with diabetes, and whether with cervical spondylosis were signi�cant risk factors
for the treatment of humeral head replacement.

2. Methods
2.1 Study design

We conducted a retrospective review using data drawn from the electronic medical records retained by
our medical institution. The study was approved by the institutional review and ethics committee of our
hospital. The patients who underwent the treatment of humeral head replacement from January 2011 to
January 2014 were enrolled for data collection and analysis. The work has been reported in line with the
PROCESS criteria[14]. This trial was registered at the Research Registry on June 22,
2018(researchregistry3243, https://www.researchregistry.com/browse-the-registry).

2.2 Inclusion criteria and Exclusion criteria

The inclusion criteria were as follows: (1) Aged 55–80 years; (2) Fresh closed fracture; (3) Neer III and IV
type fracture; (4) time from surgery to data collection more than 2 years; (5) surgery completed by the
same group. Exclusion criteria: (1) Open, old, and pathological fracture; (2) With important neural and
vascular and organ injury; (3) Ipsilateral shoulder congenital malformation; (4) Combined with other parts
of the ipsilateral limbs fracture.

2.3 Data Collection

We would contact to all patients who meet the exclusion criteria and inclusion criteria by phone to
evaluate the effect of humeral head replacement, using the American Association of Shoulder and Elbow
Surgery score (ASES score)[15]. According to the outcomes of ASES score, the patients were divided into
the superior group and the inferior group. Patients with ASES score greater than or equal to 80 points was
the superior group; patients with ASES score less than 80 points was the inferior group. The information
of patients such as age, sex, cause of injury, type of fracture, time from injury to surgery, time to start
exercising after surgery, visual Analogue Scale (VSA), whether with shoulder dislocation, whether with



Page 4/13

cerebral infarction history, whether the patient regular follow-up, whether with osteoporosis, whether with
diabetes and whether with cervical spondylosis were recorded both the superior group and the inferior
group.

2.4 Statistical analysis

Mean comparison and Chi - square test were used to analysis the single factor (age, sex, cause of injury,
type of fracture, time from injury to surgery, time to start exercising after surgery, visual Analogue Scale
(VSA) [16], whether with shoulder dislocation, whether with cerebral infarction history, whether the patient
regular follow-up, whether with osteoporosis, whether with diabetes and whether with cervical
spondylosis) to determine the effect of single factor on the results without considering the intermixing of
the factors; then the statistically different factors of univariate analysis were analyzed by multivariate
logistic regression. A p-value of less than 0.05 indicated statistically signi�cant result, and all con�dence
intervals were reported in the 95% range. Statistical analysis was conducted using SPSS 22 (SPSS Inc.,
Chicago, IL, USA.).

3. Result
3.1 Study Population

A total 83 patients who had underwent humeral head replacement were recorded in our hospital
database. Of these 83 patients, 64 patients could be in touch and 52(62.7%) patients were willing to
participate in our study. The characteristics of the 52 patients were shown in Table 1. In the superior
group, there were 6 men and 24 women with a mean age of 64.33 ± 6.74 years (range, 48 to 72 years).
According to the NEER classi�cation[17], there were 8 Type-III fractures and 22 Type-IV fractures. Falling
down (22 fractures) was the primary injury mechanisms, besides car accident (8 fractures). The average
time from initial injury to operation was 8.40 ± 6.30 days in the superior group. And the time to start
exercising after surgery was 21.63 ± 17.72 days. The inferior group consisted of 4 men and 18 women
with an average age of 69.95 ± 8.64 years (range, 50 to 84 years). Four Type-III fractures and 18 Type-IV
fractures were in this group. Similarly, the injury mechanisms were also falling down (18 fractures) and
car accident (4 fractures). The average time from initial injury to operation was 12.59 ± 7.82 days. The
time to start exercising after surgery was 55.32 ± 28.92 days.
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Table 1
The outcomes of univariate analysis

Risk factors Superior
group

Inferior
group

χ2 or t-
value

P-value

N 30 22 - -

Age (years) 64.33 ± 6.74 69.95 ± 8.64 T = 2.637 P = 0.011*

Sex

Male

Female

 

6

24

 

4

18

 

χ2 = 0.027

 

P = 0.869

Cause of injury

Tra�c accident

Fall

 

8

22

 

4

18

 

χ2 = 0.515

 

P = 0.473

Type of fracture

Neer III

Neer IV

 

8

22

 

4

18

 

χ2 = 0.515

 

P = 0.473

Time from injury to surgery (day) 8.40 ± 6.30 12.59 ± 7.82 T = 2.139 P = 0.037*

Time to start exercising after surgery

(day)

21.63 ± 17.72 55.32 ± 
28.92

T = 5.196 P = 0.000*

Visual Analogue Scale (VSA) 6.43 ± 2.01 7.59 ± 1.53 T = 3.009 P = 0.025*

Whether the patient regular follow-up

Yes

No

 

21

9

 

6

16

 

χ2 = 7.650

 

P = 0.006*

Whether with osteoporosis

Yes

No

 

8

22

 

16

6

 

χ2 = 71.779

 

P = 0.000*

Whether with shoulder dislocation

Yes

No

 

4

26

 

11

11

 

χ2 = 31.981

 

P = 0.000*
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Risk factors Superior
group

Inferior
group

χ2 or t-
value

P-value

Whether with cerebral infarction
history

Yes

No

 

3

27

 

1

21

 

χ2 = 0.532

 

P = 0.466

Whether with diabetes

Yes

No

 

5

25

 

3

19

 

χ2 = 0.090

 

P = 0.765

Whether with cervical spondylosis

Yes

No

 

4

26

 

3

19

 

χ2 = 0.001

 

P = 0.975

 

3.2 Univariate analysis

Single factor analysis showed that the differences of age, time from injury to surgery, time to start
exercising after surgery, whether the patient regular follow-up, VAS (6.43 ± 2.01 in superior group VS 7.59 
± 1.53 in inferior group), whether with shoulder dislocation (superior group: 4 yes and 26 no; inferior
group: 11 yes and 11 no) and whether with osteoporosis (superior group: 8 yes and 22 no; inferior group:
16 yes and 6 no ), were statistically signi�cant (P < 0.05); the differences of gender, cause of injury, type
of fracture, whether with cerebral infarction history, whether with diabetes and whether with cervical
spondylosis were no signi�cant difference (P > 0.05), as shown Table 1.

3.3 Multivariate logistic regression analysis

We took the factors that single factor analysis showed statistical signi�cance as the independent
variables in the Logistic regression analysis by Enter analysis model. The value of independent variables
was reassigned in Table 2. Multiple logistic regression analysis showed that the in�uencing factors for
surgical treatment of humeral head replacement were age (P = 0.018, OR = 51.120), time from injury to
surgery (P = 0.037, OR = 18.411), whether with shoulder dislocation (P = 0.048, OR = 12.972), time to start
exercising after surgery (P = 0.025, OR = 16.772)), and whether the patient regular follow-up (P = 0.041,
OR = 0.088). But whether with osteoporosis and visual Analogue Scale (VSA) were not illustrated as a risk
factor (P = 0.785, OR = 1.419; P = 0.882, OR = 1. 239) in Table 3.
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Table 2
The reassignment value of variables

variables Value

Age (X1) 0–70 = 0,71–100 = 1

Time from injury to surgery (X2) 1–7 = 0, 8–20 = 1

Time to start exercising after surgery (X3) 1–30 = 0,31–90 = 1

Visual Analogue Scale(X4) 0–6 = 0, 7–10 = 1

Whether the patient regular follow-up(X5) NO = 0, YES = 1

Whether with osteoporosis(X6) NO = 0, YES = 1

Whether with shoulder dislocation(X7) NO = 0, YES = 1

Whether with cerebral infarction history(X8) NO = 0, YES = 1

Whether with diabetes(X9) NO = 0, YES = 1

Whether with cervical spondylosis(X10) NO = 0, YES = 1

Y Superior group = 0, Inferior group = 1

 
Table 3

The result of multivariate logistic regression analysis
variables B S.E Wald

χ2
df P-value OR-

value
95%CI

Age 3.934 1.665 5.584 1 P = 
0.018*

51.120 (1.956,1335.77)

Time from injury to surgery 2.913 1.399 3.333 1 P = 
0.037*

18.411 (1.186,285.917)

Time to start exercising
after surgery

2.820 1.255 5.050 1 P = 
0.025*

16.772 (1.434,196.192)

Visual Analogue Scale
(VSA)

0.214 1.443 0.022 1 P = 
0.882

1.239 (0.073,20.952)

Whether the patient regular
follow-up

-2.431 1.188 4.187 1 P = 
0.041*

0.088 (0.009,0.903)

Whether with osteoporosis 0.350 1.285 0.074 1 P = 
0.785

1.419 (0.114,17.592)

Whether with shoulder
dislocation

2.563 1.289 3.898 1 P = 
0.048*

12.972 (1.019,165.133)



Page 8/13

4. Discussion
The current indications for primary hemiarthroplasty include a displaced and translated four-part fracture,
with or without associated dislocation of the humeral head, and a head-splitting fracture with
involvement of > 40% of the articular surface. [18]. There are many factors associated with the treatment
of humeral head replacement. In order to avoid mutual interference between the various factors, the
current study used univariate analysis combined with multivariate Logistic regression analysis to
investigate the risk factors for the treatment of humeral head replacement [19–21]. Currently, the
insu�cient bony healing of displaced tuberosities after intra-operative �xation at the stem of the
prosthesis, malpositioning of the tuberosity fragments, and incorrect positioning of the prosthesis are
probably the most important factors determining the outcomes of this treatment modality[22–24]. In this
study, the same team made the surgeries, it can effectively reduce the error caused by surgical operations,
especially tuberosity fragments and positioning of the prosthesis. This study con�rmed patient factors
that age (P = 0.018, OR = 51.120), time from injury to surgery (P = 0.037, OR = 18.411), whether with
shoulder dislocation (P = 0.048, OR = 12.972), time to start exercising after surgery (P = 0.025, OR = 
16.772)), and whether the patient regular follow-up (P = 0.041, OR = 0.088) were risk factors for treatment
of humeral head replacement.

This study showed that age was the �rst risk factor for treatment of humeral head replacement, with OR 
= 51.120, P<0.05. Robinson et al.[25] performed a thirteen-year observational cohort study of 163
consecutive patients treated with hemiarthroplasty for a proximal humeral fracture. They found that the
results are poorer in the larger group of elderly patients who undergo this procedure, especially if they
have a neurological de�cit, a postoperative complication requiring a reoperation, or an eccentrically
located prosthesis with retracted tuberosities. While a good functional outcome can be anticipated for a
younger individual. In our study, age was a risk factor for the surgery. The in�uence of age on the
predicted outcome is likely to re�ect many factors that adversely affect outcome, including degenerative
change within the rotator cuff, osteoporosis, and the lack of motivation to achieve a range of motion
beyond the limited functional needs of an elderly patient. In another, the elder patients’ expectation for
postoperative functional recovery of shoulder joint are lower than young patients’. Thus, the
postoperative functional exercise is not active as young patients. Therefore, some experts suggest
conservative treatment should be considered for the elderly patients with lower functional requirements
and who can accept the painless and function limited shoulder joint[26].

The results of this study showed that time from injury to surgery was the second risk factor to affect the
treatment of humeral head replacement, with OR = 18.411, P<0.05. Bosch, et al.[27] compared patients in
whom hemiarthroplasty was performed < 4 weeks after injury with patients in whom hemiarthroplasty
was performed > 4 weeks after injury. They found the outcome after early (< 4 weeks) humeral head
replacement was signi�cantly better than after late (> or = 4 weeks) humeral head replacement with
California-Los Angeles scale, Constant-Murley scale and active forward �exion. Gronhagen et al[28]
believed that surgery should be performed as soon as possible after injury. Maybe the soft tissue
adhesion will widely formed with the late surgery, which will in�uence the shoulder activity range and
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rotator cuff reconstruction. What’s more, muscle atrophy and extensive adhesions around the shoulder
will seriously affect the shoulder joint postoperative functional exercise. Thus, the decision to perform
prosthetic humeral head replacement should be made as early as possible after trauma.

This study showed that early exercise was the third risk factor to affect the treatment of humeral head
replacement, with OR = 16.772, P<0.05. Field et al. [29] believes that the time to start exercising after
surgery depend on the patient's actual condition. Handoll, et al.[30] made a system review to investigate
interventions for treating proximal humeral fractures in adults. In the results, 4 trials compared early
(usually one week) versus delayed (three or four weeks) mobilisation after fracture but only limited
pooling was possible and most of the data were from one trial (86 participants). This found some
evidence that early mobilisation resulted in better recovery and less pain in people with mainly minimally
displaced fractures. In our opinion, early shoulder joint exercise can be effective to reduce the adhesion of
soft tissue around the shoulder joint. So, we recommend that the appropriate strength of functional
exercise should be performed as soon as possible after humeral head replacement surgery.

This study also found that regular outpatient follow-up was a protective factor to affect the treatment of
humeral head replacement, with OR = 0.088, P<0.05. Grönhagen et al.[28] performed a study of medium-
term results after primary hemiarthroplasty for comminute proximal humerus fractures with regular
outpatient follow-up. The mean time for physiotherapy was 27 weeks in 58 patients, working with a
physiotherapist 1 to 2 times a week. Most of the patients still did at follow-up. Their results showed
hemiarthroplasty usually prevented shoulder pain with moderate function. In our experience, with regular
follow-up, a lot of problems can be solved timely. Therefore, we suggested that the time of regular
outpatient follow-up should not less than 2 years.

Our study could not �nd osteoporosis was a risk factor to affect the treatment of humeral head
replacement. Hemiarthroplasty is frequently used in situations of severe comminution, concern for
humeral head ischemia, and poor bone quality[6]. The tenuous �xation of fracture fragments in
osteoporotic bone have led most surgeons to advocate hemiarthroplasty as the preferred option over
internal �xation[7]. Beaudreuil et al[31] hold that when proximal humeral fracture patients with
osteoporosis, even if the fracture fragment is reduced effectively, it is still hard to �x it steadily, and
patient with osteoporosis will increase the di�culty of rotator cuff reconstruction and the risk of the
postoperative reinjury of rotator cuff and intra-articular loose. However, our result found that osteoporosis
was not a signi�cant for the functional outcome. Maybe we used the cement in the operation, so there
were few complications of intra-articular loose in our study. Or the sample population was to small to
draw the conclusion about the osteoporosis affecting the outcomes.

Several limitations associated with this study warrant mention. Firstly, the sample population was small,
which may increase the occurrence of standard errors and type II errors, and the population of patients
was heterogeneous, and the results of our study may be affected by confounding variables. Secondly,
this study was retrospective with certain selection biases and missing data. A prospective study with
more patients should be performed to con�rm the results in the future.
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5. Conclusion
The main factors that in�uence the e�cacy of humeral head replacement are age, time from injury to
surgery, time to start exercising after surgery, and whether regular outpatient follow-up, and they should
be taken into consideration for individualized treatment.

6. Abbreviations
VSA: Visual Analogue Scale; ASES: American Association of Shoulder and Elbow Surgery; PROCESS:
Preferred reporting of case series in surgery; SPSS: Statistical Product and Service Solutions
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