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Abstract
Background Placement of shoulder prosthesis used for reconstruction of a complex proximal humerus
fractures is critical because it is related to clinical outcomes after hemiarthroplasty. To achieve the
anatomical placement of the prosthesis, we introduced a simple operative method to determine the
humerus height and humeral head retroversion, and retrospectively investigated the clinical and
radiographic outcomes of our procedure.

Method 34 patients, treated by shoulder arthroplasty for 4-part or 3–part proximal humeral fracture
during the period between June 2016 and December 2018, were enrolled in the study. Eventually 29
patients, 18 women and 11 men with an average age of 68.4 years (range 58-85 years), were followed up
successfully. Of which 13 patients treated with classic method were matched to 19 of the 29 new method
treated patients by operation time, blood loss, pain, range of motion, Constant-Murley score and
radiographic features.

Results There was a signi�cant difference between the two treatment groups in operation time (p=0.024),
while there was no signi�cant difference in blood loss (p=0.078). No signi�cant difference was found
between the two treatment groups in Visual Analog scale (p=0.225), Constant-Murley score (p=0.930),
and radiological outcomes (p=0.504). There was linear regression and correlation between Constant-
Murley score and age (p=0.027), while there was no linear relationship between status of tuberosity and
the function of the shoulder joint (p=0.931).

Conclusion We introduce a new operative technique to determine the humerus height and humeral head
retroversion for shoulder arthroplasty operation. Based on the data, there is linear regression and
correlation between Constant-Murley score and age, while there is no linear relationship between status of
tuberosity and the function of the shoulder joint. Our present analyses reveal that our protocol is
personalized, easy, effective and feasible.

Trial registration: https://doi.org/10.1186/ISRCTN28175069.

Background
The proximal fracture of humerus is one of the most common fractures in elderly patients, and it is
usually comminuted because of poor bone quality. There is general agreement that most of these
fractures can be treated nonoperatively. Most surgeons trend to investigate operations for complex
humeral fractures with or without glenohumeral dislocation or splitting of the head (1–3). However, the
optimal treatment of complex proximal humeral fractures in older people has not yet been established (4,
5). Although most surgerys tend to perform reverse shoulder arthroplasty (RSA) for complex proximal
humerus fractures, RSA can`t take over hemiarthroplasty. Hemiarthroplasty is more �t to young patients
and older patients with sports demand, it can be a choice of revision for RSA(6–8).
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When hemiarthroplasty is being performed, the management of proper humeral height and version
represents a signi�cant reconstructive challenge for surgeons. The important of intraoperatively restoring
anatomic humeral height, humeral version, and tuberosity reconstruction were highlighted to improve
outcomes after hemiarthroplasty for shoulder fracture(9, 10).The nonanatomic reduction of the tuberosity
in the horizontal may result in insurmountable postoperative motion restriction (11). There are some
published methods of restoring the appropriate humeral length for arthroplasty, such as preoperative plan
according to the calcar of non-injured extremity, landmark using medial calcar of proximal humeral
fracture, reference using pectoralis major tendon, and the Gothic arch based on radiographs (12–14).
However, there are some obstructions during surgery: preoperative anteroposterior radiographs of the
injured and the contralateral humerus, the break off of pectoralis major tendon for exposure of fracture,
repeated intraoperative radiographs.

In this work, we introduced a new operative technique to determine the humeral height and humeral head
retroversion, and conducted a retrospectively study to examine the clinical results of hemiarthroplasty
performed at our institute.

Methods
We undertook a descriptive, prospective study that included 34 consecutive patients, treated by shoulder
arthroplasty for proximal humeral fracture during the period between June 2016 and December 2018. At
the very beginning, the height of humerus was determined and planned on from the non-injured extremity
(10, 13, 15). The surgeons involved in this study stopped using this method and switched to our method
in September 2017. One of these patients died for reasons not related to shoulder surgeries, and four
patients were lost to follow-up. The complete clinical data of the remaining 29 patients with Shoulder
arthroplasty were available for this retrospective analysis: 18 women and 11 men with an average age of
68.4 years (range 58–85 years). Of the 29 cases, 27 cases were 4-part and 2 cases were 3-part fractures
of the proximal humerus according to Neer classi�cation, and 22 cases combine with dislocation of
glenohumeral joint. The mean time between the patient’s accident and his or her surgery was 10.6 days
(range 4–57 days). The mechanism of damage in all patients was a low energy injury to the upper
extremity. The average follow-up period after surgery was 27.6 months (range 11–42 months).
Demographic information is included in Table 1. This retrospective study was approved by the
institutional review board. All the patients gave their consent to participate in the study.
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Table 1
Demographic characteristics of two groups

Characteristic Classic method New method P value

Patients 13 16  

Age at injury (years) 68.6 68.2 0.982

Gender     0.628

Female 8 10

Male 5 6

Fracture classi�cation     0.704

3-part 1 1

4-part 12 15

Affected shoulder     0.282

Right 8 7

Left 5 9

Dislocated shoulder joint     0.374

Yes 9 13

No 4 3

Time from accident to Operation (days) 10.7 10.5 0.641

Follow up time (months) 34.38 22.06 0.00

 

Surgical technique
The patients are placed in supine position with the injured shoulder joint raised about 30 degrees. A
deltopectoral incision is used to provide an internervous plane into the glenohumeral joint. The deltoid
and the cephalic vein are retracted laterally, and the proximal humerus is exposure. The smaller branches
of the cephalic vein are coagulated or tied. After the fracture fragment of greater tuberosity and the
tendon of supraspinatus are pulled out from under the acromion of the scapula. The tuberosity can be
tagged at the tendon bone by non-absorbable sutures (Ethibond Excel6™) ready for further use. And then
the lessor tuberosity is pulled with another suture after the recognizing of the long head of the biceps
tendon. The articular segment of the humeral head was then identi�ed and removed. The normal
anatomy of fracture is reduced according to the medial calcar and intertubercular sulcus (Fig. 1), and
control the anatomy by provisional Kirschner wire �xation. On the opposite side of the humeral head aLoading [MathJax]/jax/output/CommonHTML/jax.js
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hole, drilled in the lateral cortical bone of the metaphysis, is set as the marker for restoration of humeral
height and approximately 30° of retroversion (Fig. 2). The distance between the most proximal point of
the humeral head and the hole is tested and set as the height of the prosthesis (Fig. 3). The humeral
canal is then reamed manually and proper stem is selected based on the �nal model number of the
reamer. Two holes are drilled in the lateral cortical bone of the diaphysis to pass two non-absorbable
sutures (Ethibond Excel6™) ready for �nal suture of the tuberosities. Proper arti�cial head is selected
whose diameter is about 2 mm smaller than the reduced humeral head. Adjustment of the retroversion
and the length of the humerus is carried out according to the previous test after a trial reduction to test
the laxity and stability of the joint (Fig. 4). The tuberosity fragments are reduced anatomically and �xed
to the prosthesis, to each other and to the humeral shaft. All rotator cuff injuries are repaired with non-
absorbable suture and the long head of the biceps tendon is cut and sutured to united tendon with
tension.

Postoperatively, the shoulder was immobilized in sling for 6 weeks. On postoperative days 1 through 42,
passive range of motion of the shoulder joint was taught by a therapist and continued by the patient.
Active range of motion was initiated at 6 weeks after operation, and strengthening was added at
3 months postoperatively. Clinical and radiographic prospective evaluations are made preoperatively and
postoperatively at 6 weeks, 3, 6, 12 months, and then yearly. The primary outcome measure in this study
is Constant-Murley score (CMs). Clinical evaluations also include a visual analog scale (VAS), and range
of motion. Radiological evaluations include anteroposterior, scapular Y, and axillary views, and the status
of tuberosities is de�ned as healing, malunion, migration, and resorption.

Statistical analysis
The statistical software used was IBM SPSS 22.0 software (IBM-SPSS, Armonk, NY). Means, standard
deviations (SD), frequencies and proportions were used to describe the study sample. Fisher test was
used to compare the incidence of two groups of data. The Kolmogorov–Smirnov test was used to
determine the normal distribution of data. The Mann-Whitney test was used for unpaired groups. The
spearman rank correlation and Pearson correlation coe�cient were applied to correlate different
variables. P values of < 0.05 were considered signi�cant.

Results
Before matching there was a statistically signi�cant difference between the two groups (Table 1). The
mean operation time of classic method group was 145.15 ± 31.67 min (range 105 min-210 min), while
that of the new method group was 120.63 ± 23.16 min (range 90 min-1800 min). There was signi�cantly
different (p = 0.024). The mean blood loss was 402.31 ± 151.0 ml (range 240 ml-700 ml) and 252.5 ± 
68.85 ml (range 200 ml -400 ml), respectively.

Table 2 demonstrates outcomes of the two groups. The mean postoperative VAS score of classic method
group and new method group was 0.69 ± 1.1 (range 0–3) and 1.5 ± 1.9 (range 0–7), respectively. The
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mean postoperative active forward �exion was 79.23°±17.05° (range 60°–110°) and 83.75°±18.21°
(range 60°–110°), respectively. The mean postoperative active extension was 36.92°±9.47° (range 30°–
60°) and 37.5°±5.77° (range 30°–50°), respectively. The mean postoperative active abduction was 78.46°
±14.05° (range 60°–100°) and 81.86°±12.23° (range 60°–100°), respectively. The mean postoperative
active adduction was 34.62°±5.19° (range 30°–40°) and 35.63°±5.12° (range 30°–40°), respectively. The
mean Constant-Murley score was 60.08 ± 7.41 (range 44–70) and 60.19 ± 7.45 (range 48–72),
respectively.

Table 2
Clinical outcomes of two groups

Clinical outcomes Classic method New method P value

Operation time

(mean/ min)

145.15 120.63 0.024

Blood loss

(mean / ml)

402.31 252.5 0.078

VAS (mean) 1.5 (0–7) 0.69 (0–3) 0.225

Flexion (mean °) 79.23 83.75 0.472

Extension (mean °) 36.92 37.5 0.467

Abduction (mean °) 78.46 81.86 0.393

Adduction (mean °) 34.62 35.63 0.502

CMs (mean) 60.08 60.19 0.930

Radiologic outcomes     0.504

Healing (N) 10 14

Malunion (N) 1 0

Migration (N) 0 0

Resorption (N) 2 2

The parametric study on the Constant-Murley score, performed by radiological outcomes, had shown that
there was no linear relationship between radiological outcomes and Constant-Murley score (p = 0.931,
Fig. 5A). However, there is linear regression and correlation between CMs and age (p = 0.027, Fig. 5B).

We noted no radiolucency or evidence of component migration. Of the 29 patients, four had a resorption
of the greater tuberosity but had satis�ed ROM. One patient had a malunion of the greater tuberosity.
There were no postoperative infections, hematomas, or dislocations. There were no periprosthetic
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fractures noted. One patient suffered from moderate to severe pain and a painkiller was needed in the
daily life. No complications resulted in reoperation.

Discussion
Complex fractures of the proximal humerus are usually comminuted because of poor bone quality or
high-energy trauma. These kind of fractures treated with open reduction and internal �xation (ORIF) are at
the high risk of malunion, screw cutout, osteonecrosis and revision surgery. The integrity of the medial
hinge, and the length of the dorsomedial metaphyseal extension have been described as key prognostic
factors for humeral head vascularity which may lead to the necrosis of humeral head (16, 17).The most
important indication of arthroplasty is fracture type, including head-splitting patterns, fracture
dislocations, and displaced three- and four-part fractures not amenable to surgical �xation (15, 18).
However, most surgeons tend to choose hemiarthroplasty in the patients ≤65 years, and tend to choose
reverse total shoulder arthroplasty in old patients with lower-demand or teared rotator cuff (19–
23).Arthroplasty for proximal humeral fracture is performed with the aim of restoring normal
biomechanics, achieving adequate range of movement and providing a painless functional joint to the
patients. The best advantage of arthroplasty is a reliable procedure for pain relief. Hemiarthroplasty can
provide satisfactory functional results, but depends on correct height of the implant and tuberosity union
(9).

Clinical studies have shown that anatomical recreation of proximal humerus fractures can affect the
clinical consequences of hemiarthroplasty(10). It is a technically demanding procedure that requires
proper humeral height, correct retroversion of the stem, and anatomical reconstruction of the tuberosities.
Lengthening humeral height more than 10 mm and shortening more than 15 mm is unacceptable in the
clinical practice(9, 10). To date, pre-operative templates with the comparison of both arms remain the
only objective evaluation to assess the correct parameters of the arm at the time of arthroplasty. The
technique is based on exact measurement according to the medial calcar of the fracture prior to the
operation(13). In clinical practice there are some obstacles, repeated X-ray exposure before operation, and
complicated pre-operation design. Joel et al. introduced the distance at 5.5 cm between the pectoral
major tendon insertion and the top of the humeral head as a landmark for proper placement of
hemiarthroplasty in fractures of the proximal humerus(24). And the method is proved to be a useful and
reliable reference for optimal humeral height during hemiarthroplasty for proximal humerus fractures in
Asian populations(12). However, the technique is not individual. The distance between the pectoral major
tendon insertion and top of the humeral head is different in population due to the height and gender of
patients. To prepare the glenoid and exposure the fracture ends, the upper one-third of the pectoralis
tendon can be tenotomized routinely. The speci�c height of prosthesis still needs to be adjusted
repeatedly according to the intraoperative joint tension. Sumant et al. (10)restored the proper height by
recovery the Gothic Arch (The joining of outline the medial calcar of the proximal humeral and the lateral
border of the scapula creates a classical ‘‘vaulted’’ arch or Gothic arch shape). The incorrect prosthetic
height, broken medial calcar, or too large head may lead to the failure construction of Gothic arc in the
standard lateral position. However, to achieve the arch, the humerus must be rotated to the most lateralLoading [MathJax]/jax/output/CommonHTML/jax.js
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offset position which may need to repeat X-ray exposure during surgery. Another previous study described
a method. If the height was proper, the distance between the lateral margin of the arti�cial head and
medial calcar of the fracture was about 2–3 mm larger than the diameter of the head (13). The technique
is based on the integrality of medial calcar.

In our protocol, the height and retroversion of prosthesis are determined through the hole in metaphysis
after the anatomical reduction of tuberosities and head of humerus. There is no need additional X-ray
exposure pre-operation and intra-operation. The mean operation time and blood loss have no signi�cant
difference between two methods which mean that the protocol is easy and convenient. The version of the
arti�cial head is selected whose diameter is about 2 mm smaller than the reduced humeral head. It is our
practice that the smaller diameter and the anatomical reduction of the humeral head can allow the
tuberosities to be easily pulled down around the shaft of the prosthesis. The humeral head is 10 mm
higher than the greater tuberosity, which can lead to a satisfactory clinical outcome(15).

Previous literature suggests that the success of the surgery depends on the ability of the tuberosities to
heal themselves and on the reduction in the humeral shaft in anatomic positions surrounding the implant
(11, 25). In the present study, the clinical outcome of the new method is similar to that of the typical
method. The outcome of radio graphical assessment suggests that there was no linear relationship
between the presence of tuberosity and the function of the shoulder joint. The bone union rate and
clinical results were comparable to those of the previous studies. The result of a meta-analysis also
demonstrates that the percentage of healed tuberosities did not correlate with the Constant score(26).
The possible reason is a small number of specimens. Another possible reason is tuberosity fragments are
�xed to each other, to the prosthesis and the humeral shaft. As it is mentioned, stable �xation of the
tuberosities is imperative to maximize functional results and decrease the risk of instability regardless of
the arthroplasty technique chosen (27).

One strength of our operative technique is that it is based on the idea of fracture treatment. Another
strength is that it is personalized, easy and convenient. Thirdly, it is suitable for most proximal humeral
fractures unless there is humeral head comminution or with comminuted fracture of the humeral shaft.

Our study has some limitations. Firstly, this study was conducted with a small number of specimens, and
studies with much larger samples are needed to con�rm the �ndings. Secondly, it is a retrospective and
not randomized study. A randomized controlled trial with a larger number of patients is needed. While we
believe our minimum follow-up time of 38.1 months (range 25–55 months) is su�cient to assess the
function of the shoulder, it still represents only short-term follow-up.

Conclusions
In this work, we introduce a new method to determine the humerus height and humeral head retroversion
in the operation of shoulder arthroplasty. We examine the clinical results and radiological outcomes of
the technique by a retrospectively study. For the analyzed case control study, it was found that there was
no signi�cant difference between the two treatment groups in clinical outcomes and radiologicalLoading [MathJax]/jax/output/CommonHTML/jax.js



Page 9/17

appearance, while there is linear regression and correlation between CMs and age. Our present analyses
reveal our protocol is personalized, easy, effective and feasible.

List Of Abbreviations
RSA reverse shoulder arthroplasty

CMs Constant-Murley score.

VAS visual analog scale.

SD standard deviations.

ORIF open reduction and internal �xation.
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Figure 1

The proximal humerus is exposed in supination. The normal anatomy of fracture is reduced according to
the medial calcar and intertubercular sulcus. The achieved reduction can be temporarily �xed with several
1.6-mm K-wires.
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Figure 2

A hole is drilled in the lateral cortical bone of the metaphysis (arrow). It is set as the marker for restoration
of humeral height and approximately 30° of retroversion.
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Figure 3

The keyhole is located in the lateral cortex of metaphysis, about 2cm away from the fracture line. The
distance between the most proximal point of the humeral head and the hole is tested and set as the
height of the prosthesis.
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Figure 4

The height of the prosthesis is con�rmed according to the distance between the most proximal point of
the humeral head and the hole. The retroversion of the humeral head is set according to the hole.
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Figure 5

(A) This scatter plot with �t demonstrates linear regression and correlation CMs to age (p=0.027). (B)
This scatter plot with �t demonstrates correlation CMS to radiological outcomes. There was no linear
relationship between the status of tuberosity and the function of the shoulder joint (p=0.931).

Loading [MathJax]/jax/output/CommonHTML/jax.js


