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Abstract
Background Conservative management for elderly proximal humeral fractures is an acceptable option, but the 
fracture stability is dubious. The purpose of this study was to investigate fracture stability and functional outcomes 
after modified minimally invasive reduction osteosynthesis system (MIROS) and non-surgical treatment for Neer two 
and three-part proximal humeral fractures in elderly patients.

Methods Elderly Patients with two and three-part proximal humeral fractures who underwent modified MIROS 
fixation and non-operative management were retrospectively included. The Constant-Murley score, and the range 
of shoulder forward elevation were measured for functional assessment, while the radiological humeral head height 
(HHH) and humeral shaft angle (HSA) were used to verify the fracture stability. The variables in both treatment 
groups were compared using a two-tailed t test for independent means, with a p value of less than 0.05 denoting a 
significant difference.

Results Forty-two patients were consecutively included, with a mean follow-up of 24.05 ± 3.9 months for the 
modified MIROS group and 24.67 ± 4.5 months for the non-operative group. The modified MIROS group had 
statistically significant improvements in the Constant score and shoulder forward flexion (p = 0.0001), with a lower 
complication rate (14.3% vs. 52.3%). Moreover, the average changes in the radiological HSA and HHH were lower in 
the modified MIROS group at the one-year follow-up (p = 0.00001).

Conclusions Modified MIROS is recommended as an alternative to conservative treatment for Neer 2 and 3-part 
proximal humeral fractures in elderly, medically unfit patients. It is a minimally invasive procedure that provides 
adequate fracture stability and permits early shoulder motion, with satisfactory functional and radiologic outcomes 
and fewer complications.
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Introduction
Proximal humeral fractures are the third most com-
mon osteoporotic fracture following fractures involv-
ing the wrist and hip in the elderly population [1]. The 
prevalence is higher in females, accounting for 5% of all 
whole-body fractures and 25% of all humeral fractures 
[2]. It has a bimodal distribution among the population 
[3]. The main mechanism of injury in young patients is 
high-energy trauma, such as motor accidents. In elderly 
patients, it follows low-energy mechanisms, such as 
minor home falls [4].

Neer’s [5] classification is a widely accepted scheme 
that categorizes proximal humeral fractures into mini-
mally displaced, two-part, three-part, four-part, and frac-
ture dislocation according to the angulation (> 45°) and 
the amount of displacement of bone fragments (> 1 cm). 
The choice between treatment modalities is dependent 
on the patient’s age, type of fracture, comminution, bone 
quality, and associated comorbidities [6]. The non-oper-
ative treatment is the cornerstone method for elderly 
proximal humeral fractures, particularly in non-displaced 
patterns or patients who have medical problems [7]. Sev-
eral studies recorded that conservative management in 
fractures with widely displaced fragments sometimes has 
unsatisfactory functional results as it is difficult to main-
tain the reduction, so operative fixation is preferable for 
these injuries [8]. However open reduction and internal 
fixation (ORIF) provides angular stability for unstable 
fractures, the risk of infection, devascularization of bone 
fragments, and blood loss are the main pitfalls [9].

Reverse total shoulder is a valid option for certain geri-
atric complex proximal humeral fractures, but the rate of 
complications ranges from 12 to 68% including neuro-
logical injuries, blood loss, loosening, nonunion and peri-
prosthetic joint infection [10].

Percutaneous K-wire fixation was described by Bohler 
in 1962 [11]. The main advantages were preservation of 
the vascular supply, no blood loss, and the capability of 
surgery under regional anesthesia; for these reasons, 
it was performed as an alternative for management of 
unstable fractures in the elderly with concomitant medi-
cal morbidities [12]. Many percutaneous fixation meth-
ods have been outlined in the literature, with a rate of 
postoperative complications of 10–21%, including loss of 
reduction, varus malunion, and pin tract infection [13].

The original Minimally Invasive Reduction and Osteo-
synthesis (MIROS) utilized multiple k-wires to correct 
the angular displacement and fixation of the fracture 
fragments. The wires in the proximal and distal segments 
are linked with a clamp outside the skin to provide more 

angular stability than traditional K-wire fixation [14]. 
We assumed that a modification by applying retrograde 
intramedullary elastic nails to fix the humeral head and 
replacing the clamp with Ilizarov cubes might result in 
more rigidity in the frame and more added stability to the 
fracture. The goal of the study was to compare fracture 
stability and clinical results following modified MIROS 
and conservative treatment in elderly patients with two 
or three-part proximal humeral fractures. It was hypoth-
esized that the modified MIROS technique would pro-
vide better functional and radiological results with fewer 
morbidities.

Patients and methods
The medical files of 42 elderly patients (> 65 years) who 
sustained Neer two, and three-part proximal humeral 
fractures were retrospectively reviewed for analysis after 
obtaining institutional review board (IRB) authorization 
(ZU-IRB #101030-3-9-2023) and informed consent from 
the participants. The patients had surgeries between Jan-
uary 2020 and March 2021 at Zagazig University trauma 
unit. Most patients had ASA (American society of anes-
thesiologist) class II and III. The mean age was 67.6 ± 2.4 
years for the modified MIROS group and 68.7 ± 1.3 years 
for the non-operative group. The criteria for exclusion 
were as follows: (1) Patients with ASA class I who were 
candidate for ORIF; (2) non-displaced fractures; (3) Neer 
four-part fracture; (4) fracture-dislocation; (5) open frac-
tures; (6) fractures involving the articular surface of the 
humeral head; (7) concomitant glenohumeral arthritis; 
(8) highly comminuted calcar; and (9) patients who had 
a follow-up period less than 12 months or incomplete 
medical records. The patients were evaluated clinically 
regarding the mechanism of injury and their neurovas-
cular status. Routine preoperative anteroposterior and, 
when possible, axillary X-ray views of the shoulder, along 
with a CT scan, were utilized to delineate the type and 
the extent of fracture [Figure 1]. Table 1 demonstrates the 
characteristics of the patients for each treatment group.

Surgical technique
An intravenous injection of 1  g of cefazolin was given 
30  min before the beginning of surgery. All procedures 
were done under regional anesthesia by a single surgeon 
who had more than ten years of surgical experience in 
external fixation. The patients were placed supine in a 
30-degree semi sitting position, keeping the affected 
shoulder off the edge of the operating table to facili-
tate imaging. The fracture was manipulated under the 
direction of a c-arm intensifier to check the quality of 
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reduction. First, two or three elastic Nancy nails (3 mm in 
diameter) were inserted in a retrograde fashion through 
the medullary canal of the distal segment making a 
small entry hole 5 cm above the lateral epicondyle using 
a small awl to hold the humeral head in a reduced posi-
tion. The initial proximal K-wire was inserted through 

greater tuberosity, engaging the medial cortex to secure 
the greater tuberosity. A second K-wire of 2 mm in diam-
eter passed from the largest portion of the humeral head 
down to the distal fragment. Another two K-wires were 
directed cranially from the lateral cortex of the distal 
fragment to the head of the humerus to fix the fracture. 
The proximal and distal wires were bent over and inter-
connected with two Ilizarov cubes and three connection 
rods [Figure 2]. The skin was stitched over the buried dis-
tal end of the elastic nail.

Postoperative care and follow-up
A prophylactic antibiotic was continued for 24  h post-
operatively. The arm was held in a sling for 6 weeks, 
with the removal of the sutures after 2 weeks for the 
modified MIROS group. Passive motions of the shoul-
der commenced as much as possible for the modified 
MIROS group and after 4 weeks for the group treated 
conservatively. The wires are removed after the fracture 
union. The Constant-Murley score [15] and the range of 
shoulder forward flexion were documented at the last 
follow-up for clinical evaluation. Plain radiographs of 
the shoulder were obtained one day after surgery and 
then every month until the time of union. The union is 
defined as a painless fracture site with a radiographic 
bridging callus. The head shaft angle (HSA) and humeral 
head height (HHH) were recorded on the AP view at 
12-month postoperative radiographs for assessment of 
fracture stability using ImageJ software by a radiologist 

Table 1 Demographic criteria of the treatment groups
Modified MIROS 
group
(N = 21)

Non-operative 
group
(N = 21)

P 
value

Mean age (range, 
years)
Confidence interval 
(95%)

67.6 ± 2.4 (65–73)
[66.5–68.6]

68.7 ± 1.3 
(67–72)
[68.1–69.2]

0.619

Sex Male 6 (28.6%) 8 (38.1%) 0.744
Female 15 (71.4%) 13 (61.9%)

Side Dominant 14 (66.7%) 11 (52.4%) 0.530
Nondominant 7 (33.3%) 10 (47.6%)

Mechanism of injury 0.696
Road traffic accidents 3 (14.3%) 5 (23.8%)
Falls 18 (85.7%) 16 (76.2%)
Neer’s classification 0.606
Three-parts 20 (95.2%) 18 (85.7%)
Two-parts 1 (4.8%) 3 (14.4%)
ASA score 0.380
II 6 4
III 11 9
IV 4 8
Values are illustrated as numbers (n), percentages (%), and means ± SDs (range). 
ASA; American Society of Anesthesiologists for physical status

Fig. 1 A female patient had a Neer three-part fracture on plain radiograph of the shoulder AP view (A) and CT scan (B) involving greater tuberosity and 
surgical neck (red arrows)
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blinded to treatment [Figure 3]. The HSA was defined 
as the intersection between a line parallel to the center 
of the humeral shaft and a line perpendicular to a line 
connecting the superior and inferior articular margins. 
The distance between two lines tangent to the tip of the 
greater tuberosity and the highest point of the articular 
margin was the HHH. Loss of reduction was considered 
as a HSA < 120°, with a change of > 10° [16] and a HHH 
difference of > 3 mm [17].

Statistical analysis
The normal distribution of the data was assessed using 
the Shapiro-Wilk test. The quantitative values were 
expressed as means and standard deviation, with the cal-
culation of a 95% confidence interval for means. The con-
tinuous variables of the treatment groups were compared 
using the independent t test and Mann-Whitney test, 
while the difference between ordinal data was evaluated 
using Fisher’s exact test. The minimal clinically important 
difference (MCID) for the Constant score was estimated 
as one and half the SD of the control group to assess the 
clinical significance. The HHH and HSA were correlated 
with the Constant score using Pearson’s coefficient cor-
relation test. Statistical significance was indicated for a 
P value < 0.05 for all tests. The post hoc analysis of the 
test power was 93.9% according to the given sample size, 
effect size of the HSA between groups, and 0.05 alpha 
error. The Statistical Package for Social Sciences (SPSS) 
(IBM, version 25.0, Inc., Chicago, IL) was used for the 
statistical processing of data.

Results
A total of 47 patients with Neer two and three-part prox-
imal humeral fractures were referred to our trauma unit. 
Forty-two patients were selected for inclusion in this 
study after eliminating two cases with incomplete data 
records and three patients underwent ORIF. Twenty-one 
patients were operated on using the modified MIROS 
technique, while the others were treated non-operatively 
in the outpatient clinic using an arm sling. There was no 
statistical difference between treatment groups regarding 
age, sex, side of dominance, mechanism of injury, classifi-
cation of fracture, or health status [Table 1].

The mean follow-up time was 24.05 ± 3.9 (range, 13–32 
months) for the modified MIROS group and 24.67 ± 4.5 
(range, 12–34 months) for the non-surgical group 
(p = 0.63). The mean time before surgery in the modified 
MIROS group was 3.5 ± 1.7 days. The modified MIROS 
group reported a better Constant score than the con-
servative group (83.6 ± 3.4 vs. 75.1 ± 6.7), which was sta-
tistically significant (p < 0.0001). There was no clinically 
significant difference in the Constant score between 
treatment groups as the estimated MCID was 10.05, 
which is higher than the actual difference between means 
(8.5). Also, the mean range of shoulder forward eleva-
tion showed a significant difference between both groups 
(p < 0.00001) [Table  2]. No cases of nonunion were 
recorded in either group, but the modified MIROS group 
had a shorter union time than the conservative group 
(10.48 ± 1.5 vs. 12.9 ± 2.1 weeks) (p < 0.0001).

The follow-up means for HSA and HHH reveal signifi-
cant statistical difference between the treatment groups 

Fig. 2 An intraoperative picture and schematic diagram show the components of the modified MIROS frame during surgery (A, B)
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in the 1-year postoperative radiographs (p = 0.00001) 
[Table 2]. The average change in the HSA was 2.7° for the 
modified MIROS group and 15.2° for the non-operative 
group (p = 0.00001). Additionally, there was a statisti-
cally significant change in the HHH between both groups 
(p = 0.00001) [Table 2]. We found that the Constant score 
had a statistically significant positive correlation with the 
HSA (r = 0.93 and p < 0.00001) and the HHH (r = 0.97 and 
p < 0.00001) on 12-month postoperative radiographs in 
the conservative group.

The rate of complications revealed a significant differ-
ence between treatment groups (p = 0.006). The modified 
MIROS group reported one case of varus malposition, 
and two cases of pin tract infections that were resolved 
after removal of the frame. The non-operative group 
recorded nine cases of varus malunion, and two stiff 
shoulders with global restriction of the ROM.

Discussion
This study identified that the modified MIROS group had 
superior fracture stability compared to the non-surgical 
group, as measured by the radiological results of the 
HHH and the HSA. Furthermore, the modified MIROS 
group had statistically significant improvements in func-
tional outcomes in terms of the Constant score and range 
of shoulder forward flexion, as well as a decreased rate of 
complications. These findings endorse the study hypoth-
esis. To our current knowledge, this is the first to evaluate 
fracture stability after modified MIROS fixation in elderly 
patients with unstable proximal humeral fractures.

The displaced patterns constitute 13–16% of all proxi-
mal humeral fractures, and most of them necessitate 
surgical intervention [18]. The rate of operative inter-
ventions has increased in the past few years to avoid the 

Fig. 3 The HSA angle in the initial radiograph is 133° (A) and 128° at 12 months postoperative (B) after modified MIROS fixation. The HHH was − 5 mm, 
and the HSA was 102° at one-year radiograph following conservative treatment, indicating varus malunion (C)
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detrimental and suboptimal functional results of conser-
vative therapy for these fractures [19].

Splitting of the humeral head, fracture of the anatomi-
cal neck, comminuted irreparable tuberosities, associated 
shoulder osteoarthritis, and failure of other treatment 
modalities are candidate for reverse total shoulder 
replacement [20]. A recent systematic review con-
cluded that reverse shoulder arthroplasties had the best 
functional outcomes compared to the other treatment 
modalities, however, the range of surgical complications 
varies widely in literature according to the age of patients, 
health condition, and indications, with more hazards 
among patients with significant medical illness [10].

Fixation of fractures involving three or four bone frag-
ments is problematic because of the limited bone stock 
in elderly patients [21]. Various fixation techniques have 
been utilized in literature; however, there is no evidence 
of the superiority of a single technique [22]. Regardless of 
the method used, the aim of surgery is to provide efficient 
fracture stability with preservation of bone vascularity 
[23]. Percutaneous fixation is best suited for two-part, 
three-part with minimal comminution of the calcar, 
and valgus impacted four-part fractures [20]. It is the 
simplest technique used in older patients with medical 

comorbidities; however, varus malunion and pin migra-
tion are the main drawbacks [13]. MIROS fixation was 
previously developed to increase the stiffness of fixation 
and minimize the loss of reduction by transferring the 
stresses from the cancellous bone to the more rigid outer 
cortex [12], but fracture stability was not fully studied 
with this technique. Many authors asserted that MIROS 
fixation is a reasonable alternative to conservative ther-
apy that can be performed under regional anesthesia, 
particularly in older age groups with medical illnesses [6, 
12]. We found associated medical diseases in 71.4% of the 
modified MIROS group and 80.9% of the conservative 
group.

Consistent with previous publications [4, 12], this 
study confirmed that these fractures were more likely in 
females (71.4% in the modified MIROS group and 61.9% 
in the non-operative group), with low-energy collisions 
serving as the primary mechanism of injury in both treat-
ment groups.

When compared to conservative management, our 
study demonstrated a striking statistical improvement in 
the Constant score after the modified MIROS method. 
The modified MIROS group had an average score of 83.6, 
whereas the non-operative group had a score of 75.1. 
This corresponded to that described by D’Ambrosi et 
al. [24], who reported an average Constant score of 88.9 
in 32 patients treated with an external fixation device. 
In addition, Maluta et al. [6] treated 18 elderly patients 
using external fixation with an equivalent Constant 
score (85 ± 9.8). The lower Constant score of 60 points 
observed by Carbone et al. [12] in 31 patients treated 
with the MIROS technique may be attributed to the 
higher mean age of 80.7 ± 7 years and the presence of two 
cases with postoperative avascular necrosis. Carbone et 
al. [12] and Bhavsar et al. [25] discovered statistically sig-
nificant increments in the Constant score following per-
cutaneous external fixation of unstable proximal humeral 
fractures with respect to the K-wire technique (89.18 vs. 
78.64). Because of the risks pertaining to ORIF, Bai et al. 
[26] and Cui et al. [27] found that their patients exhibited 
lower mean Constant scores of 76.7 ± 10.1 and 73 ± 9.94, 
respectively. A meta-analysis by Oldrini et al. [28] dis-
played no significant difference in the Constant score 
between ORIF and minimally invasive plate osteosynthe-
sis (MIPO) among different types of proximal humeral 
fractures. A recent systematic review by Soler-Peiro et 
al. [29] displayed a lower constant score of 64.5 follow-
ing non-surgical therapy for elderly 3-parts proximal 
humeral fractures.

One of the valuable advantages of MIROS fixation over 
percutaneous pinning is that it permits an early passive 
range of shoulder mobility [12]. According to our find-
ings, patients in the modified MIROS group initiated pas-
sive motion earlier than those in the conservative group. 

Table 2 Final clinical and radiological results for the treatment 
groups

Modified 
MIROS 
group

Non-opera-
tive group

95% CI 
of the 
difference

P value

Final mean 
range of forward 
elevation (95% 
CI) (degree)

155.9 ± 5.19 
(153.5–
158.2)

122.28 ± 6.3 
(119.4–
125.1)

(30.02–37.2) 0.00001*

Final mean 
Constant score 
(95% CI)

83.6 ± 3.4 
(82.05–85.1)

75.1 ± 6.7 
(72.05–
78.15)

(5.2–11.8) 0.0001*

Mean time of 
union (95% CI) 
(weeks)

10.48 ± 1.5 
(9.8–11.2)

12.9 ± 2.1 
(11.9–13.8)

(1.3–3.5) 0.0001*

Mean HSA 
(degree)
Initial follow-up 124.4 ± 3.9 118.9 ± 2.6 - -
12-months 
follow-up

121.9 ± 3.3 103.7 ± 4.7 0.00001*

Mean change 
(95%CI)

2.7 ± 1.6 
(1.9–3.4)

15.2 ± 4.4 
(13.1–17.2)

0.00001*

Mean HHH (mm)
Initial follow-up 6.1 ± 2.6 3.6 ± 2.1 - -
12-months 
follow-up

5.4 ± 2.6 0.1 ± 2.2 0.00001*

Mean change 
(95%CI)

0.67 ± 0.5 
(0.4–0.8)

3.5 ± 0.6 
(3.2–3.7)

0.00001*

Complications 3 (14.3%) 11 (52.3%) - 0.0203 *

CI: confidence interval, MIROS: Minimally Invasive Reduction Osteosynthesis 
System, HSA: Humeral shaft angle. HHH: Humeral head height. *P < 0.05 
indicates a significant difference
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The patients in the modified MIROS group achieved 
a final mean shoulder elevation of 155.9 ± 5.19° and 
122.28 ± 6.3° in the non-operative group, which was sta-
tistically relevant. The same findings were documented 
by Carbone et al. [12], Bhavsar et al. [25], and Roberson 
et al. [30]. Cui et al. [27] noticed that patients treated with 
proximal humerus internal locked osteosynthesis system 
(PHILOS) plating had a lower mean shoulder abduction 
of 140.64 ± 20.34° owing to soft tissue dissection during 
the surgical approach.

Neer type 3 and type 4 fractures, in some instances, 
need stable fixation methods. Loss of reduction occurs 
frequently with percutaneous pinning [31]. Carbone et 
al. [12] stated that the MIROS technique should replace 
traditional K-wire fixation because it offers higher frac-
ture stability. We modified the classic MIROS construct 
by inserting two or three elastic intramedullary nails 
and substituting the original clamp with Ilizarov cubes. 
We suggest that the elastic nails keep the humeral head 
reduced and in proper alignment with the shaft. The 
MIROS approach has not previously been studied for loss 
of reduction. Varus malunion has a detrimental effect on 
shoulder function, as it puts the supraspinatus muscle at 
a mechanical disadvantage that requires a higher force 
to elevate the arm [32]. Many studies have demonstrated 
that the change in the radiological HSA is considered a 
predictor for loss of fracture stability [26, 33]. Bai et al. 
[26] and Greiner et al. [34] showed that a HSA < 120° and 
a change of more than 10° are the cut-off levels of varus 
malalignment. Another prognostic factor for fracture sta-
bility is the HHH, with changes of more than 3 mm hav-
ing a negative influence on shoulder abduction [17, 26]. 
We reported an average HSA of 124.4° in the modified 
MIROS group and 118.9° in the conservative group upon 
the initial postoperative radiographs; however, the change 
in the HSA was greater in the non-operative group at the 
1-year follow-up (2.7° vs. 15.2°). Furthermore, the average 
change in the HHH was higher in the conservative group 
at 12 months postoperatively (0.67 mm vs. 3.5 mm). The 
results of the radiological parameters in the modified 
MIROS group were comparable to those obtained by Bai 
et al. (Δ HSA = 3.7° and Δ HHH = 1.7 mm) [26] and Cui 
et al. (Δ HSA = 3.1° and Δ HHH = 1.1 mm) [27] using the 
ORIF technique with locked plates. Moreover, we noticed 
a strong positive correlation between the HSA and HHH 
and the functional Constant score, as previously had 
been confirmed by Bai et al. [26].

No cases of nonunion were discovered in either group, 
but the modified MIROS group had a shorter average 
time of union (10.48 vs. 12.9 weeks). Our results matched 
those recorded by Monga et al. [35], who treated 20 
patients with unstable proximal humeral fractures using 
an AO external fixator. Gupta et al. [14] recorded a 
shorter duration of union of 6.5 weeks, which could be 

explicated by the smaller number of enrolled patients (16 
Neer type 2 and type 3 fractures).

The overall complication rate in the modified MIROS 
group was lower than that in the non-surgical group 
(14.3% vs. 52.3%). Our results were close to those stated 
by Carbone et al. [12], who reported a total complication 
rate of 10.7% in the MIROS group. Furthermore, Maluta 
et al. [6] had a similar complication rate of 11.76%. We 
had only one case of varus deformity in the modi-
fied MIROS group and nine cases in the non-operative 
group (p = 0.008), like Carbone et al. [12], who noticed 
one patient with moderate displacement in the MIROS 
group. Bhavsar et al. [25] did not show varus collapse in 
the external fixator group. Soler-Peiro et al. [29] recorded 
a 21% of varus malposition in 133 patients treated 
conservatively.

This study had some limitations. First, it should be 
carried out on a larger scale of patients and performed 
using single surgeon for generalizability of the results; 
however, the post hoc analysis revealed that the number 
of recruited patients was sufficient to produce good sta-
tistical power. Second, the study was retrospective, and 
extra prospective studies are advisable to minimize the 
selection bias. In addition, delayed complications, such as 
glenohumeral arthritis, need a longer duration of follow-
up. Also, there was a disparity between the statistical and 
clinical significance for the functional score due to the 
small sample size. This study lacks comparison with other 
treatment modalities like percutaneous pinning and 
MIPO fixation. Finally, the radiological measurements of 
the HSA and HHH could be skewed by arm malposition 
during imaging; therefore, further prospective estimation 
is recommended.

Conclusions
We concluded that the modified MIROS produced sat-
isfactory improvements in the radiological HHH and 
HSA for Neer 2 and 3-part proximal humeral fractures 
in elderly patients. It has better clinical outcomes and 
fracture stability compared to conservative treatment. It 
is minimally invasive, so we advocate it as a good substi-
tution to non-operative management for elderly proximal 
humeral fractures with poor general condition. Addi-
tional research comparing the modified MIROS fixation 
with other treatment options will be demanded in the 
future.

Abbreviations
MIROS  Minimally invasive reduction osteosynthesis system
ORIF  Open reduction and internal fixation
HSA  Head shaft angle
mm  Millimeter
SD  Standard deviation
SPSS  Statistical Package for Social Sciences
g  Gram
HHH  Humeral head height



Page 8 of 9Metwally et al. BMC Musculoskeletal Disorders          (2025) 26:386 

CI  Confidence interval

Acknowledgements
Not applicable.

Author contributions
O.M was the primary surgeon in this study. F.S, H.F, A.H, and M.A contributed to 
the study design, data collection, analysis of the results, and scientific writing. 
All authors have reviewed and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).
There was no funding related to this work.

Data availability
There is no research data outside the submitted manuscript file.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with the Declaration of Helsinki for 
human studies after obtaining informed consent from all participants and 
approval from Zagazig university faculty of human medicine IRB (ZU-IRB 
#101030-3-9-2023).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Author details
1Department of Orthopedic Surgery, Faculty of Medicine, Zagazig 
University, Sharkia, Egypt

Received: 23 January 2025 / Accepted: 28 March 2025

References
1. Palvanen M, Kannus P, Niemi S, Parkkari J. Update in the epidemiology of 

proximal humeral fractures. Clin Orthop Relat Res. 2006;442:87–92.
2. Kannus P, Palvanen M, Niemi S, Sievänen H, Parkkari J. Rate of proximal 

humeral fractures in older Finnish women between 1970 and 2007. Bone. 
2009;44(4):656–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . b o n e . 2 0 0 8 . 1 2 . 0 0 7.

3. Lind T, Kroner K, Jensen J. The epidemiology of fractures of the proximal 
humerus. Arch Orthop Trauma Surg. 1989;108(5):285–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 
0 7  / B  F 0 0 9 3 2 3 1 6.

4. Röderer G, Abouelsoud M, Gebhard F, et al. Minimally invasive application of 
the noncontact-bridging (NCB) plate to the proximal humerus: an anatomical 
study. J Orthop Trauma. 2007;21(9):621–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / B  O T .  0 b 0  1 3 
e 3  1 8  1 5 7 f 0 c d.

5. Neer CS. Displaced proximal humeral fractures. I. Classification and evalua-
tion. J Bone Joint Surg Am. 1970;52:1077–89. PMID: 5455339.

6. Maluta T, Amarossi A, Dorigotti A et al. External fixation for proximal humerus 
fractures neer type 3 and 4: results of 17 cases. Acta Biomed. 2020; 91(14-s): 
e2020017. Doi: 10.23750/abm. V 91i14-S.10979.

7. Patel AH, Wilder JH, Ofa SA, et al. Trending a decade of proximal humerus 
fracture management in older adults. JSES Int. 2021;6(1):137–43.  h t t p  s : /  / d o i  . o  
r g /  1 0 .  1 0 1 6  / j  . j s  e i n  t . 2 0  2 1  . 0 8 . 0 0 6.

8. Olerud P, Ahrengart L, Ponzer S, Saving J, Tidermark J. Internal fixation versus 
nonoperative treatment of displaced 3-part proximal humeral fractures 
in elderly patients: a randomized controlled trial. J Shoulder Elb Surg. 
2011;20(5):747–55.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j s e . 2 0 1 0 . 1 2 . 0 1 8.

9. Gupta AK, Harris JD, Erickson BJ, et al. Surgical management of complex 
proximal humerus fractures-a systematic review of 92 studies including 4500 
patients. J Orthop Trauma. 2015;29:54–9.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / B  O T .  0 0 0  0 0 0 
0  0 0  0 0 0 0 2 2 9.

10. Dolci A, Melis B, Verona M, Capone A, Marongiu G. Complications and 
intraoperative fractures in reverse shoulder arthroplasty: a systematic review. 
Geriatr Orthop Surg Rehabil. 2021;12:21514593211059865.  h t t p  s : /  / d o i  . o  r g /  1 0 .  
1 1 7 7  / 2  1 5 1 4 5 9 3 2 1 1 0 5 9 8 6 5.

11. Calvo E, de Miguel I, de la Cruz J, et al. Percutaneous fixation of displaced 
proximal humeral fractures: indications based on the correlation between 
clinical and radiographic results. J Shoulder Elb Surg. 2007;16(6):774–81.  h t t p  s 
: /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j s e . 2 0 0 7 . 0 3 . 0 1 9.

12. Carbone S, Tangari M, Gumina S, Postacchini R, Campi A, Postacchini F. Percu-
taneous pinning of three- or four-part fractures of the proximal humerus in 
elderly patients in poor general condition: MIROS® versus traditional pinning. 
Int Orthop. 2012;36:1267–73.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  0 0 2 6 4 - 0 1 1 - 1 4 7 4 - 5.

13. Chandak RM, Sharma M, Jha A. Clinical and radiological outcome of 3- and 
4-part proximal humerus fracture managed with J nails in elderly osteopo-
rotic individuals. Int J Res Orthop. 2021;7(6):1122–6.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 8 2 0  3 /  
i s s  n . 2  4 5 5 -  4 5  1 0 .  I n t  J R e s  O r  t h o p 2 0 2 1 4 1 7 7.

14. Gupta AK, Gupta M, Sengar G, Nath R. Functional outcome of closed fractures 
of proximal humerus managed by external stabilizing system. Indian J 
Orthop. 2012;46:216–20.  h t t p  s : /  / d o i  . o  r g /  1 0 .  4 1 0 3  / 0  0 1 9 - 5 4 1 3 . 9 3 6 7 9.

15. Constant CR, Murley AH. A clinical method of functional assessment of the 
shoulder. Clin Orthop Relat Res. 1987;214:160–4. PMID: 3791738.

16. Lee CW, Shin SJ. Prognostic factors for unstable proximal humeral fractures 
treated with locking plate fixation. J Shoulder Elb Surg. 2009;18(1):83–8.  h t t p  s 
: /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j s e . 2 0 0 8 . 0 6 . 0 1 4.

17. Cha H, Park KB, Oh S, Jeong J. Treatment of comminuted proximal humeral 
fractures using locking plate with strut allograft. J Shoulder Elb Surg. 
2017;26(5):781–5.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j s e . 2 0 1 6 . 0 9 . 0 5 5.

18. Wang MQ, Youssef T, Smerdely P. Incidence and outcomes of humeral frac-
tures in the older person. Osteoporos Int. 2018;29(7):1601–8.  h t t p  s : /  / d o i  . o  r g /  
1 0 .  1 0 0 7  / s  0 0 1 9 8 - 0 1 8 - 4 5 0 0 - 2.

19. Charles S, Neer. Four-segment classification of proximal humeral fractures: 
purpose and reliable use. J Shoulder Elb Surg. 2002;11(4):389–400.  h t t p  s : /  / d o i  
. o  r g /  1 0 .  1 0 6 7  / m  s e . 2 0 0 2 . 1 2 4 3 4 6.

20. Baker HP, Gutbrod J, Cahill M, Shi L. Optimal treatment of proximal humeral 
fractures in the elderly: risks and management challenges. Orthop Res Rev. 
2023;15:129–37.  h t t p  s : /  / d o i  . o  r g /  1 0 .  2 1 4 7  / O  R R . S 3 4 0 5 3 6.

21. Hertel R, Hempfing A, Stiehler M, Leunig M. Predictors of humeral head 
ischemia after intracapsular fracture of the proximal humerus. J Shoulder Elb 
Surg. 2004;13:427–33.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j s e . 2 0 0 4 . 0 1 . 0 3 4.

22. Handoll HHG, Brorson S. Interventions for treating proximal humeral fractures 
in adults. Cochrane Database Syst Rev. 2015;11:CD000434.  h t t p  s : /  / d o i  . o  r g /  1 0 .  
1 0 0 2  / 1  4 6 5  1 8 5  8 . C D  0 0  0 4 3 4 . p u b 4.

23. Solberg BD, Moon CN, Franco DP, Paiement GD. Surgical treatment of three 
and Four-Part proximal humeral fractures. J Bone Jt Surg. 2009;91(7):1689–97.  
h t t p  s : /  / d o i  . o  r g /  1 0 .  2 1 0 6  / J  B J S . H . 0 0 1 3 3.

24. D’Ambrosi R, Palumbo F, Barbato A, Facchini RM. A prospective study for the 
treatment of proximal humeral fractures with the galaxy fixation system. 
Musculoskelet Surg. 2017;101(1):11–7.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 0 7  / s  1 2 3 0 6 - 0 1 6 - 0 4 
3 4 - z.

25. Bhavsar NM, Lil NA, Chhapan JB, Shah K, Tijoriwala P, Patel PR. Comparative 
study of proximal humerus fractures treated with percutaneous pinning and 
augmented by external fixator. Int J Sci Res. 2014;3(3):263–5.  h t t p  s : /  / d o i  . o  r g /  1 
0 .  3 6 1 0  6 /  I J S R.

26. Bai L, Fu ZG, Wang TB. Radiological evaluation of reduction loss in unstable 
proximal humeral fractures treated with locking plates. Orthop Traumatol 
Surg Res. 2014;100(3):271–4.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . o t s r . 2 0 1 3 . 1 2 . 0 2 4.

27. Cui X, Chen H, Ma B, Fan W, Li H. Fibular strut allograft influences reduction 
and outcomes after locking plate fixation of comminuted proximal humeral 
fractures in elderly patients: a retrospective study. BMC Musculoskelet Disord. 
2019;20(1):511–8.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 2 8 9 1 - 0 1 9 - 2 9 0 7 - 3.

28. Oldrini LM, Sangiorgio A, Feltri P, Marbach F, Filardo G, Candrian C. Proximal 
humerus fractures: deltopectoral open reduction and internal fixation vs 
Deltosplit minimally invasive plate osteosynthesis: which surgical approach 
provides superior results? EFORT Open Rev. 2023;8(8):662–71.  h t t p  s : /  / d o i  . o  r g /  
1 0 .  1 5 3 0  / E  O R - 2 2 - 0 1 1 0.

29. Soler-Peiro M, García-Martínez L, Aguilella L, Perez-Bermejo M. Conservative 
treatment of 3-part and 4-part proximal humeral fractures: a systematic 

https://doi.org/10.1016/j.bone.2008.12.007
https://doi.org/10.1007/BF00932316
https://doi.org/10.1007/BF00932316
https://doi.org/10.1097/BOT.0b013e318157f0cd
https://doi.org/10.1097/BOT.0b013e318157f0cd
https://doi.org/10.1016/j.jseint.2021.08.006
https://doi.org/10.1016/j.jseint.2021.08.006
https://doi.org/10.1016/j.jse.2010.12.018
https://doi.org/10.1097/BOT.0000000000000229
https://doi.org/10.1097/BOT.0000000000000229
https://doi.org/10.1177/21514593211059865
https://doi.org/10.1177/21514593211059865
https://doi.org/10.1016/j.jse.2007.03.019
https://doi.org/10.1016/j.jse.2007.03.019
https://doi.org/10.1007/s00264-011-1474-5
https://doi.org/10.18203/issn.2455-4510.IntJResOrthop20214177
https://doi.org/10.18203/issn.2455-4510.IntJResOrthop20214177
https://doi.org/10.4103/0019-5413.93679
https://doi.org/10.1016/j.jse.2008.06.014
https://doi.org/10.1016/j.jse.2008.06.014
https://doi.org/10.1016/j.jse.2016.09.055
https://doi.org/10.1007/s00198-018-4500-2
https://doi.org/10.1007/s00198-018-4500-2
https://doi.org/10.1067/mse.2002.124346
https://doi.org/10.1067/mse.2002.124346
https://doi.org/10.2147/ORR.S340536
https://doi.org/10.1016/j.jse.2004.01.034
https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.1002/14651858.CD000434.pub4
https://doi.org/10.2106/JBJS.H.00133
https://doi.org/10.2106/JBJS.H.00133
https://doi.org/10.1007/s12306-016-0434-z
https://doi.org/10.1007/s12306-016-0434-z
https://doi.org/10.36106/IJSR
https://doi.org/10.36106/IJSR
https://doi.org/10.1016/j.otsr.2013.12.024
https://doi.org/10.1186/s12891-019-2907-3
https://doi.org/10.1530/EOR-22-0110
https://doi.org/10.1530/EOR-22-0110


Page 9 of 9Metwally et al. BMC Musculoskeletal Disorders          (2025) 26:386 

review. J Orthop Surg Res. 2020;15(1):347.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 8 6  / s  1 3 0 1 8 - 0 2 
0 - 0 1 8 8 0 - 7.

30. Roberson TA, Granade CM, Pharm D, et al. Nonoperative management 
versus reverse shoulder arthroplasty for treatment of 3- and 4-part proximal 
humeral fractures in older adults. J Shoulder Elb Surg. 2017;26:1017–22.  h t t p  s : 
/  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . j s e . 2 0 1 6 . 1 0 . 0 1 3.

31. Soete PJ, Clayson PE, Costenoble H. Transitory percutaneous pinning in 
fractures of the proximal humerus. J Shoulder Elb Surg. 1999;8(6):569–73.  h t t 
p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / s  1 0 5 8 - 2 7 4 6 ( 9 9 ) 9 0 0 9 1 - 5.

32. Voigt C, Kreienborg S, Megatli O, Schulz AP, Lill H, Hurschler C. How does a 
varus deformity of the humeral head affect elevation forces and shoulder 
function? A Biomechanical study with human shoulder specimens. J Orthop 
Trauma. 2011;25(7):399–405.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 9 7  / B  O T .  0 b 0  1 3 e 3  1 8  2 0 b e b 8 
0.

33. Takase K, Imakiire A, Burkhead WZ. Radiographic study of the anatomic rela-
tionships of the greater tuberosity. J Shoulder Elb Surg. 2002;11(6):557–61.  h t t 
p  s : /  / d o i  . o  r g /  1 0 .  1 0 6 7  / m  s e . 2 0 0 2 . 1 2 6 7 6 5.

34. Greiner S, Kääb M, Haas N, Bail H. Humeral head necrosis rate at mid-term 
follow-up after open reduction and angular stable plate fixation for proximal 
humeral fractures. Injury. 2009;40(2):186–91.  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / j  . i n  j u r  y . 2 
0  0 8  . 0 5 . 0 3 0.

35. Monga P, Verma R, Sharma VK. Closed reduction and external fixation 
for displaced proximal humeral fractures. J Orthop Surg (Hong Kong). 
2009;17(2):142–5.  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 1 1   7 7  / 2 3 0 9 4 9 9 0 0 9 0 1 7 0 0 2 0 3.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s13018-020-01880-7
https://doi.org/10.1186/s13018-020-01880-7
https://doi.org/10.1016/j.jse.2016.10.013
https://doi.org/10.1016/j.jse.2016.10.013
https://doi.org/10.1016/s1058-2746(99)90091-5
https://doi.org/10.1016/s1058-2746(99)90091-5
https://doi.org/10.1097/BOT.0b013e31820beb80
https://doi.org/10.1097/BOT.0b013e31820beb80
https://doi.org/10.1067/mse.2002.126765
https://doi.org/10.1067/mse.2002.126765
https://doi.org/10.1016/j.injury.2008.05.030
https://doi.org/10.1016/j.injury.2008.05.030
https://doi.org/10.1177/230949900901700203

	Assessment of fracture stability following modified minimally invasive reduction osteosynthesis system (MIROS) fixation for Neer 2 and 3-Part proximal humeral fractures
	Abstract
	Introduction
	Patients and methods
	Surgical technique
	Postoperative care and follow-up
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


