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Abstract
Introduction  Minimally invasive plate osteosynthesis (MIPO) has been described as a suitable technique for the treatment of 
proximal humerus fractures, but long-term functional results have never been reported. The aim of this study was to describe 
the long-term functional outcome and implant-related irritation after MIPO for proximal humerus fractures.
Methods  A long-term prospective cohort analysis was performed on all patients treated for a proximal humerus fracture 
using MIPO with a Philos plate (Synthes, Switzerland) between December 2007 and October 2010. The primary outcome 
was the QuickDASH score. Secondary outcome measures were the subjective shoulder value (SSV), implant related irrita-
tion and implant removal.
Results  Seventy-nine out of 97 patients (81%) with a mean age of 59 years were available for follow-up. The mean follow-
up was 8.3 years (SD 0.8). The mean QuickDASH score was 5.6 (SD 14). The mean SSV was 92 (SD 11). Forty out of 79 
patients (50.6%) had implant removal, and of those, 27/40 (67.5%) were due to implant-related irritation. On average, the 
implant was removed after 1.2 years (SD 0.5). In bivariate analysis, there was an association between the AO classification 
and the QuickDASH (p = 0.008).
Conclusion  Treatment of proximal humerus fractures using MIPO with Philos through a deltoid split approach showed 
promising results. A good function can be assumed due to the excellent scores of patient oriented questionnaires. However, 
about one-third of the patients will have a second operation for implant removal due to implant-related irritation.
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Introduction

Proximal humerus fractures are very common and account 
for 5% of all fractures in the emergency department, with 
an incidence of 82 per 100,000 people [1–6]. The incidence 
has an unipolar distribution with a typical patient being 
relatively fit, female and more than 80 years old [7]. Most 
patients are treated non-operatively, while one out of five 

will undergo surgery even though no clear benefit of opera-
tive treatment has been shown [6, 8, 9].

The standard approach for osteosynthesis of proximal 
humerus fractures is the deltopectoral approach, which 
generally is considered the open approach [1, 10–12]. Over 
the past decade, there has been an increasing interest in 
minimally invasive plate osteosynthesis (MIPO) of proxi-
mal humerus fractures through the deltoid split approach 
[10, 13–19]. Previously reported possible advantages of 
MIPO are: less soft tissue stripping and a lower risk of 
injury to the ascending branch of the anterior circumflex 
humeral artery resulting in lower rates of avascular necro-
sis (AVN) and shorter operation time [10, 15, 16, 18]. 
Possible disadvantages are risk of damage to the axillary 
nerve [10] and, in case of a later shoulder prosthesis, the 
need for a different second surgical approach. Several stud-
ies have reported on the short-term results of this tech-
nique [10, 14, 15, 19, 20]. Although long-term results of 
the open approach for proximal humerus fracture treatment 
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have been reported, little is known about the long-term 
results after MIPO with Philos [12, 21].

The aim of this study was to analyze the long-term 
functional outcome after MIPO with Philos for proximal 
humerus fractures. Additionally, we assessed implant-
related irritation and implant removal.

Methods

Study design

Between December 2007 and October 2010, 191 patients 
with a proximal humerus fracture were treated with MIPO 
through a ‘deltoid split’ approach in our center using the 
Philos® system (Synthes, Switzerland). Patients were 
operated by 16 different surgeons. Two of these surgeons 
performed 50% of all operations. In 2013, Acklin et al. 
published prospectively gathered data on the short-term 
outcome of 97 of these patients available for follow-up 
[10]. In the current study, this cohort was approached 
and analyzed again to obtain long-term outcome on these 
patients. Exclusion criteria were death, a second trauma to 
the operated arm, inability to answer questions, or absence 
of written consent. This study was approved by the Can-
tonal Ethic Committee Zürich (KEK-ZH-Nr. 2017-00428).

Operative procedure and indications

All patients were treated in a MIPO technique. In beach 
chair position, a minimally invasive anterolateral deltoid 
split approach was performed. After reduction of the 
humeral head and non-absorbable suture insertion in the 
tendons of the rotator cuff, a five hole Philos® plate was 
inserted. This was done sub-muscular, either percutane-
ously or with a radiolucent aiming device, under Langen-
beck protection to preserve the axillary nerve. The plate 
was fixed to the humeral head with four locking screws 
and, depending on bone quality, with two to four conven-
tional or locking screws to the shaft. The non-absorbable 
sutures were then knotted to the plate for additional stabi-
lization and to prevent secondary dislocation.

Postoperatively, patients were allowed immediate 
active-assisted mobilization without sling immobiliza-
tion. Abduction of more than 90° was not allowed in the 
first six weeks.

Indications for operative treatment were a varus displace-
ment of > 20°, a valgus displacement of > 40°, an increased 
reclination > 30°, a lateral displacement of > ½ diaphyseal 
diameter, and/or displacement of the major and/or minor 
tubercle of > 5–10 mm.

Baseline characteristics and outcome measures

Baseline characteristics were obtained from the prospec-
tively collected data by Acklin et al. [10]. All patients 
were contacted by phone by an independent study nurse 
to assess shoulder function using the QuickDASH ques-
tionnaire [22] and the Subjective Shoulder Value (SSV) 
[23]. Implant removal was assessed using the algorithm 
of Hulsmans et al. [24]. If patients could not be reached 
after a minimum of five phone call attempts, their contact 
person and general practitioner were approached for con-
tact details and the internet was searched for an alternative 
telephone number. A letter was sent to patients who could 
not be reached by phone, asking the patient to contact 
us. Patients were considered lost to follow-up if all these 
attempts were unsuccessful.

The primary outcome measure was shoulder function as 
measured by the QuickDASH score [22]. The QuickDASH 
is a validated measure for disability of the arm, shoulder 
and hand and provides a summative score on a 100-point 
scale, where a higher score indicates more disability. A 
QuickDASH score of less than 15 is considered an excel-
lent result and a score of > 40 indicates poor shoulder 
function [25].

Secondary outcome measures were SSV and implant-
related irritation or implant removal. The SSV is a sub-
jective value for shoulder function determined by the 
patient after answering the following question: “What is 
the overall percent value of your shoulder if a completely 
normal shoulder represents 100%?”, with 100% indicat-
ing the best function [23]. The SSV has shown a reliable 
agreement with the validated Constant Score for measur-
ing shoulder function [26]. Implant removal and implant-
related irritation were discussed and analyzed using the 
algorithm of Hulsmans et al., developed to analyze the 
presence of implant-related irritation [24]. In addition, all 
patients were asked if they have had re-operations or were 
diagnosed with AVN in another hospital.

Statistical analysis

Data were described using frequencies and percentages for 
dichotomous and categorical variables, mean and standard 
deviation (SD) for normally distributed continuous data, 
and median and interquartile range (IQR) for non-normally 
distributed continuous data. In bivariate analysis, the asso-
ciation between patients’ characteristics and the Quick-
DASH and SSV were assessed using a Mann–Whitney test 
for dichotomous variables (age), a Kruskal–Wallis test for 
ordinal variables (AO classification [27] and trauma mech-
anism) and a Spearman’s rank correlation coefficient for 
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continuous variables (age). A p value < 0.05 was consid-
ered significant which was tested using non-parametrical 
tests. The analyses were performed with SPSS, version 
22.0 (IBM Corp., Armonk, NY) for Windows.

Results

Informed consent was obtained from all individual partici-
pants included in the study. A total of 79 (81%) patients were 
available for follow-up and included for analysis (Fig. 1). 
The mean age at the time of accident was 59 (SD ± 13) years 
and 37 (47%) patients were male (Table 1). The most com-
mon trauma mechanism was injury during skiing or snow-
boarding (51%). There were 16 (20%) type A, 33 (42%) type 
B, and 30 (38%) type C fractures according to the AO clas-
sification [27]. There were no significant differences in age, 
trauma mechanism, and AO classification of patients avail-
able for follow-up as compared to the initial cohort (data 
not shown). The mean follow-up duration was 8.3 years (SD 
0.8).

The mean QuickDASH score was 5.6 (SD 14) and the 
mean SSV was 92 (SD 11) (Table  2). A total of 40/79 
(50.6%) patients had implant removal on average 1.2 years 
(SD 0.5) after the initial osteosynthesis (Table 2). Twenty-
seven of the 79 (34.2%) patients had implant removal due 
to implant irritation and 13/79 (16.5%) patients requested 
implant removal without implant irritation.

In bivariate analysis, there was a significant difference 
between AO fracture type and QuickDASH score with a 

mean of 0.4 (SD 0.9) for type A, 4.6 (SD 9.4) for type B 
and 9.5 (SD 20) for type C fractures (p = 0.008) (Table 3). 
There was no association of age or trauma mechanism with 
the QuickDASH score and also no association of age, trauma 
mechanism or AO classification with the SSV.

Previously published short-term follow-up of this cohort 
by Acklin et al. showed that all fractures were healed and 
no hardware failure occurred on follow-up radiographs. The 
mean radiological follow-up was 18 ± 6 months. There was a 
small but significant progression of varus displacement vis-
ible on last follow-up radiographs compared to postoperative 
evaluation (40° ± 8 and 41° ± 8; p = 0.015), respectively. 
Secondary screw perforation occurred in seven (7%) patients 
on average 7 weeks postoperatively and required operative 
screw(s) replacement. Four patients (4%) had axillary nerve 
injury with atrophy of the anterior border of the deltoid mus-
cle, however, without clinical consequences.

Furthermore, eight (8%) patients developed some degree of 
radiological AVN (grade 3–5) in short-term follow-up. With a 
mean 99 months follow-up, five patients with AVN were avail-
able for long-term follow-up. The mean time to diagnosis was 
16.7 months, the mean radiological follow-up was 34 months. 
They had a mean QuickDASH of 21 (SD 29) and a mean 
SSV of 72 (SD 12) which was significantly worse compared 
to patients without diagnosis of AVN in short-term follow-
up (p = 0.001 and p < 0.001, respectively). One patient with a 
QuickDASH of 73 was offered a reversed arthroplasty but she 
refused. One patient with AVN grade 5 with a QuickDASH 

MIPO Philos 2007-2010

191 

Cohort Acklin 2013[10]

97

Lost to follow-up 2013

Denied informed consent 13
Not capable of answering questions 7
Not reachable 5
Died 2

Available for analysis

79

Lost to follow-up 2017

Died 8
Not capable of answering questions 6
Not reachable 3
Denied informed consent 1

Eligible for inlcusion

124

Excluded

Foreign residency 67

Fig. 1   Flowchart of patient inclusion

Table 1   Baseline characteristics

SD standard deviation

Variable Baseline cohort 
(n = 79), n (%)

Age (mean, SD) 59 (13)
Male 37 (47)
ASA
 1 28 (35)
 2 49 (62)
 3 2 (2.5)
 4 0 (0)

Dominant hand side 31 (39)
Trauma mechanism
 Ski/snowboard 40 (51)
 Low energy 29 (37)
 Traffic accident 6 (7.6)
 Other 4 (5.1)

AO classification
 A 16 (20)
 B 33 (42)
 C 29 (38)

Follow-up time in years (mean, SD) 8.3 (0.8)
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score of 13 and a SSV of 60 is considering a reversed arthro-
plasty. Of all patients with AVN three had a screw perforation 
of the head and four had their implant removed. At long-term 
follow-up there were no new reported cases of AVN based on 
the interview.

In total, one patient received a reversed arthroplasty. This 
was because of a symptomatic malunion. The major tuber-
cle was not anatomically reduced and healed with a cranial 
step. At 80 months follow-up this patient had a QuickDASH 
of 31 and a SSV of 65. Two other new reported complications 
occured. Two patients developed a recurrent shoulder disloca-
tion of whom one was operated for a rotator cuff repair.

Discussion

MIPO with Philos has been described as a suitable tech-
nique for the treatment of proximal humerus fractures, but 
long-term functional results have never been reported. The 
aim of this study was to describe the long-term functional 
outcome and implant-related irritation after MIPO for 
proximal humerus fractures. In our cohort, we found a very 
good QuickDASH score and SSV representing an excellent 
functional outcome at more than 8 years of follow-up after 
MIPO with Philos for proximal humerus fractures. For this 

Table 2   Outcome measures

SD standard deviation, IQR interquartile range

Variable Mean (SD) Median (IQR)

Functional outcome
 QuickDASH 5.6 (14) 0 (0–4.5)
 Subjective shoulder value 92 (11) 97 (90–100)

Implant-related irritation/removal (n, %)
 Implant not removed, no irritation 34 (44)
 Implant not removed, irritation but implant removal not necessary 1 (1.3)
 Implant not removed, irritation, no request for removal due to fear of surgery 2 (2.6)
 Implant not removed, irritation, considering removal 0 (0)
 Implant removed routinely or on patient’s request without irritation 13 (17)
 Implant removed due to implant irritation 27 (35)

Duration till removal of PHILOS plate in years 1.2 (0.5)

Table 3   Bivariate analysis

SD standard deviation, IQR interquartile range

Variable QuickDASH SSV

Mean (SD) Median (IQR) P value Mean (SD) Median (IQR) P value

Age, continuous (coefficient) 0.139 0.223 − 0.002 0.988
Age, categorical
 Age < 65 3.8 (13) 0 (0–2.3) 0.06 94 (8.7) 98 (90–100) 0.209
 Age > 65 8.4 (16) 2.3 (0–6.8) 89 (13) 95 (80–100)

Trauma mechanism
 Ski/snowboard 2.0 (3.1) 0 (0–2.3) 0.232 95 (6.6) 99 (90–100) 0.155
 Low energy 8.5 (17) 0 (0–6.8) 89 (13) 95 (80–100)
 Traffic accident 20 (33) 5.7 (2.3–14) 83 (16) 90 (75–90)
 Other 1.1 (1.3) 1.1 (0–2.3) 93 (5.4) 93 (89–98)

AO classification
 A 0.4 (0.9) 0 (0–0) 0.008 93 (7.7) 95 (89–100) 0.844
 B 4.6 (9.4) 0 (0–4.5) 93 (10) 98 (90–100)
 C 9.5 (20) 2.3 (0–6.8) 91 (12) 97 (85–100)
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long-term follow-up, we used patient-reported question-
naires but were not able to obtain an objective clinical and 
radiological examination. Forty of the 79 patients (50.6%) 
had implant removal, and of those, 27/40 (67.5%) were 
due to implant-related irritation. We found a mean Quick-
DASH score of 5.6 and a mean SSV of 92, which can be 
considered an excellent outcome. In 2013, Acklin et al. 
reported the 1-year follow-up of this cohort and found a 
constant score of 75 (SD 11) that corresponded to a shoul-
der function of 91% compared to the uninjured side. Other 
studies presenting 1 or 2 year follow-ups reported mean 
DASH scores ranging from 14.5 to 26 after MIPO and 31 
to 32 after an open procedure [1, 4, 14, 17, 20]. It is still 
debated whether further improvement of shoulder function 
is to be expected 12 months after treatment. Hirschmann 
et al. found only a slight improvement after 1 year [28]. 
Other studies published no further improvement at longer 
follow-up [12, 29].

Few studies have reported on long-term follow-up after 
operative treatment of proximal humerus fractures but 
almost all studies investigated the open approach. Ockert 
et al. investigated 43 patients who were operated on using 
the open approach with a median follow-up of 10 years and 
reported a mean DASH score of 24 [12]. Most patients had 
an excellent outcome, while 16% of the patients were con-
sidered to have a poor outcome. Bahrs et al. analyzed 77 
patients with a mean follow-up of 8 years; eight patients 
were operated on using MIPO and 68 via an open approach 
[21]. They found a good mean DASH score of 12 with 77% 
of the patients having an excellent/good result and 23% hav-
ing a satisfactory or worse result. No difference in constant 
score between surgical approaches nor a correlation with the 
variables age and AO classification was found.

More than half of the included patients had their implant 
removed. The majority (68%) because of implant-related 
irritation and 32% requested implant removal because they 
did not want the material in their shoulder for the rest of 
their lives. Our findings are in line with Ockert et al. who 
reported a 40% implant removal rate [12]. They also found a 
significant improvement of functional outcome after implant 
removal. Similarly, another study reported improvement of 
shoulder function after implant removal among patients with 
implant-related irritation treated with MIPO Philos plating 
[30]. In our study, we did not have sufficient data to report 
on improvement of shoulder function after implant removal. 
However, based on the study of Acklin et al., the high rate 
of implant removal in our cohort might have been beneficial 
for the excellent long-term results [30].

Results of different operative treatments should be put 
into perspective with regard to the conservative treatment 
for proximal humerus fractures. In a Cochrane review of 
eight randomized and quasi-randomized controlled trials, the 
authors conclude that there was no evidence that supported 

the benefit of operative treatment of proximal humerus frac-
tures [8]. But, these results have to be interpreted with cau-
tion as the results did not cover two-part tuberosity fractures, 
fractures in young people, high-energy trauma, fracture–dis-
locations and head-splitting fractures. Recently, the 5-year 
follow-up results of the PROFHER trial, the most influential 
trial leading to conclusions in the Cochrane review, were 
published in which patients with a proximal humerus frac-
ture were randomized between conservative and operative 
treatment [29]. In this medium-term follow-up study, the 
results of 109 patients were reported and no differences in 
Oxford Shoulder Score and EQ-5D-3L Score were observed. 
They concluded that there is no evidence that supports 
the trend of increased surgery for patients with displaced 
proximal humerus fractures. Nevertheless, there are major 
shortcomings in this study. First, the study is designed as a 
superiority study. Only 32% of the screened patients were 
included (e.g., several patients with clear indication for sur-
gery were excluded). In 11% of cases, fairly inexperienced 
surgeons (e.g., registrars) performed the operation and 17% 
were operated on with something other than a plate (e.g., 
hemi-arthroplasty). So, these results raise serious doubts. In 
addition, Kruithof et al. presented the long-term follow-up 
of conservatively treated patients with proximal humerus 
fractures between 2000 and 2013 [2]. After exclusion, there 
was data of 410 patients with a good median DASH score 
of 6.67 at a follow-up of 7.5 years. Sub-analysis revealed a 
significant better outcome of patients younger than 65 years 
old at the time of injury. They concluded that long-term 
functional outcome and quality of life were good in most 
patients after proximal humeral fractures.

Our study has several limitations that need to be 
addressed. First, we report on a subgroup of the original 
cohort that could have led to bias and limited general-
izability of the study results. However, compared to the 
original cohort there were no differences in baseline char-
acteristics in terms of age, trauma mechanism and AO 
classification. Second, our hospital is situated in a recrea-
tional area in the mountains. Therefore, as compared to 
other hospitals, our patient population consists of younger 
and many relatively fit patients who were injured during 
outdoor sports activities. Therefore, our results might not 
be applicable to the typical proximal humerus fracture 
patient (female and > 65 years of age) [7]. Nevertheless, 
in bivariate analysis, there was no association of age or 
trauma mechanism with functional outcome. Third, the 
sample size in this study is small and as this was a single 
center study, no appropriate control group was available. 
Furthermore, in this long-term follow-up study, we used 
telephone interviews to get sufficient follow-up. There-
fore, we were not able to perform a clinical examination 
of the shoulder or obtain long-term radiological follow-up. 
Consequently, no radiological data is available to report 
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on the actual number of patients that developed AVN or 
implant failure. It can be argued to what extent radiologi-
cal grade of AVN translates to limitations experienced by 
the patient [31], although it seems that patients diagnosed 
with radiological AVN do have a worse functional out-
come in this cohort. In addition, a possible disadvantage of 
the deltoid split approach is second deltopectoral incision 
should a prosthesis be necessary in the future. However, 
this occurred only once in our patient sample. Finally, 
more than half of the patients were operated by two trauma 
surgeons dedicated to shoulder surgery while 14 different 
surgeons operated the other patients, which could have 
resulted in a performance bias. However, bivariate analy-
sis did not show a difference in functional outcome of 
patients treated by the two surgeons versus patients treated 
by the 14 other surgeons. This possibly reflects the effect 
of in-hospital training and standardized procedure with 
the introduction of the MIPO technique and postoperative 
protocol in our hospital.

The results of this study can be of guidance when dis-
cussing treatment options for a proximal humerus fracture. 
The challenge for the future will be to determine which 
patient will benefit from operative treatment and which 
patient should be treated conservatively. We recommend 
operative treatment with MIPO for fit and active patients 
with a displaced proximal humerus fracture.

Conclusion

Treatment of proximal humerus fractures using MIPO with 
Philos through a deltoid split approach showed promising 
results. A good function can be assumed due to the excel-
lent scores of patient-oriented questionnaires. However, 
about one-third of the patients will have a second opera-
tion for implant removal due to implant-related irritation.
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