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Abstract: Background: The aim of this study was to evaluate the clinical outcome after humeral head
preserving surgical treatment of posterior fracture dislocations of the proximal humerus. Methods:
Patients with a posterior fracture dislocation of the proximal humerus that were operatively treated in
two level-1 trauma centers within a timeframe of 8 years were identified. With a minimum follow-up
of 2 years, patients with humeral head preserving surgical treatment were invited for examination.
Results: 19/24 fractures (79.2%; mean age 43 years) were examined with a mean follow-up of
4.1 ± 2.1 years. Of these, 12 fractures were categorized as posteriorly dislocated impression type
fractures, and 7 fractures as posteriorly dislocated surgical neck fractures. Most impression type
fractures were treated by open reduction, allo- or autograft impaction and screw fixation (n = 11),
while most surgical neck fractures were treated with locked plating (n = 6). Patients with impression
type fractures showed significantly better ASES scores (p = 0.041), Simple Shoulder Test scores
(p = 0.003), Rowe scores (p = 0.013) and WOSI scores (p = 0.023), when compared to posteriorly
dislocated surgical neck fractures. Range of motion was good to excellent for both groups with no
significant difference. Conclusions: This mid-term follow-up study reports good to very good clinical
results for humeral head preserving treatment.

Keywords: proximal humerus fracture; posterior shoulder dislocation; humeral head preserving
therapy; surgical neck fractures

1. Introduction

Proximal humeral fractures account for 4–5% of all fractures [1]. The age distribution
is bimodal, with fragility fractures being more common in the elderly, while high-velocity
trauma fractures tend to occur in younger patients [1,2]. Severely displaced fracture
patterns of the humeral head are especially common in the latter patient group [3]. Among
those, locked dislocated fractures of the proximal humerus are rare, as previous studies
were able to show [4,5]. Within this cohort of locked dislocation fractures of the humerus,
there are generally two fracture sub-groups concerning the direction of dislocation: the
more common anterior dislocation of the fractured humeral head (AFD), which accounts
for over 90% of cases, and the rarer posterior fracture dislocation (PFD) [3,6]. Studies
reported that PFDs only account for approximately 0.9% of all shoulder fractures and affect
0.6/100.000 of the population per year [5,7]. Rouleau et al. compiled a systematic review
that demonstrated that a majority of shoulder dislocations (65%) had associated injuries,
with fractures being the most common, followed by reverse Hill-Sachs lesions (RHSL) and
rotator cuff tears [8]. The range of surgical possibilities emphasizes the complexity of this
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injury [8]. High-velocity trauma and epileptic seizures have been reported as major causes
of PFDs [9–11].

The heterogeneity in different fracture morphologies leads to various treatment op-
tions consisting of conservative therapy after closed reduction and several different surgical
approaches. Operative approaches include open reduction and internal fixation, defect-
filling (allo- and/or autograft; mod. McLaughlin procedure), hemi-arthroplasty, and
primary (reverse) total arthroplasty [8–11]. Because of the rare incidence and the broad
spectrum of therapeutic approaches regarding PFD, there is a small number of clinical
studies in the literature, mainly focusing on primary arthroplasty [6,12], and while those
studies report acceptable to good outcome parameters with hemi-arthroplasty and primary
reverse arthroplasty, there is a lack of clinical outcome studies focusing on treatments that
would preserve the humeral head instead of replacing it.

Therefore, the aim of the present study was to evaluate the mid-term clinical outcome
of operatively treated PFDs with a focus on humeral head preserving (HHP) techniques.
The hypothesis was that HHP surgical treatment leads to a good clinical mid-term outcome
and a low complication rate.

2. Materials and Methods
2.1. Selection Criteria

This study has been performed in accordance with the ethical standards in the
1964 Declaration of Helsinki and after local ethical board approval (IRB No. AZ 2019-
063-f-S). Within eight years (January 2010–January 2018), operatively treated patients with
a PFD of the proximal humerus were identified in two level-1 trauma centers with special-
ized shoulder units. In this search, all patients that were at least 18 years of age at the time
of trauma were included (n = 41).

The PFDs were subdivided by fracture morphology in:

• Impression fractures of the humeral head (29%)
• (Multifragmentary) surgical neck fractures (18.5%)
• Fractures of the lesser tuberosity (14.3%)
• Fractures of the greater tuberosity (7.8%)
• Other fractures (6%)

Exclusion criteria were defined as follows:

• Previous injuries or surgery to the affected shoulder
• Immunosuppressive therapy
• Drug or alcohol abuse
• Patients treated more than three weeks after trauma
• Patients that were treated with arthroplasty (n = 11)
• Patients that had died by the time the follow-up was conducted (n = 6)

2.2. Retrospective Analysis

Twenty-four fractures were identified that fit the selection criteria. Age, gender, and
dates of trauma and surgery were recorded. Pre-, intra-, and postoperative X-ray images
were analyzed. All patients underwent a pre-operative CT scan with 3D-reconstruction
prior to surgery.

Two groups were created according to their fracture morphology: (1) impression type
fractures (ITFs), also known as reverse Hill-Sachs lesions (RHSL) or Malgaigne fractures,
that presented with an impression type defect of the proximal humerus but no fracture line
at the surgical neck and (2) posteriorly displaced surgical neck fractures of the proximal
humerus (SNFs) that presented with at least one fracture line at the surgical neck. The
SNF group was classified according to the Resch, Codman, and Neer classification sys-
tems [13–15]. To further assess the extent of the defects within the ITF group, the gamma
angles were assessed, as described by Moroder et al. [16]. Surgical treatment methods were
recorded, and post-operative complications were determined.
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2.3. Follow-Up Examination

A standardized follow-up exam took place 6 weeks postoperatively to check for
fracture consolidation. Afterwards, patients would conduct follow-up exams with their
respective primary physicians in the ambulatory sector.

The follow-up exam for this study was conducted in the clinic a minimum of 2 years
postoperatively. The first part of the follow-up consisted of questions covering general
data, such as pain level, patient satisfaction with the outcome, analgesia, and an assessment
of the return to work/sport. The last X-ray in a.p. and y-view projection was analyzed for
fracture consolidation or possible complications, and the head-shaft angle was calculated.

Next was an evaluation of the range of motion and clinical tests, including the age-
and gender-adjusted Constant Score (CS), Simple Shoulder Test (SST), Subjective Shoulder
Value (SSV), Rowe Score, WOSI Score, and ASES Score [17].

The Constant Score (CS) is a 100-point scale (high scores = high level of function) com-
posed of individual parameters looking at pain, activities of daily living (ADL), mobility,
and measuring the strength of the affected shoulder.

The Simple Shoulder Test (SST) is a questionnaire of 12 items focusing on pain,
mobility, and strength.

The Subjective Shoulder Value (SSV) asks the patient for his/her assessment of the
shoulder performance.

The Rowe Score is a 100-point scale (high scores = high level of function) with 50 points
for stability, 20 points for range of motion, and 30 points for function.

The Western Ontario Shoulder Instability Index (WOSI) Score consists of 21 questions.
The questions are scored from 0 to 100 using a visual analog scale. The overall scores range
from 0 to 2100 (low scores = high level of function).

The American Shoulder and Elbow Surgeons (ASES) Score focuses on pain (7 items)
and on ADL (10 items). Overall scores range from 0 to 100 (high scores = high level of
function).

For the range of motion values, we defined the following cut-offs based on the values
of the CS (Table 1) [18]:

Table 1. Rating system for the range of motion based on the Constant Score (CS).

Rating Forward Flexion Abduction

Excellent 151–180◦ 151–180◦

Very good 121–150◦ 121–150◦

Good 91–120◦ 91–120◦

Fair 61–90◦ 61–90◦

Bad 31–60◦ 31–60◦

Very Bad 0–30◦ 0–30◦

2.4. Surgical Technique

The surgical technique varies based on different therapeutic approaches. In general,
the senior surgeons of this article prefer a modified 30◦ beach chair positioning of the patient.
As previously described, the fracture is exposed through a deltopectoral approach [19].

If an intraarticular reconstruction is necessary, a detachment or split of the subscapular
muscle is performed for a direct visualization of the humeral head.

If possible, sutures are placed into the tendons of the supraspinatus and subscapularis
muscle to reduce the greater and lesser tuberosity at the end of the surgery and prevent
secondary displacement through pull of the muscle. In most cases, a soft tissue tenodesis
of the long biceps tendon (LBS) is performed for further visualisation of the humeral head
with the benefit of preventing postoperative tendinitis of the LBS. The rotator interval is
opened, and an anatomical reduction of the fracture is performed.

In cases of a plate osteosynthesis, a lateral locking plate is applied and temporarily
fixed while the reduction is verified through fluoroscopy. If reduction and plate positioning
are satisfactory, all screws are inserted.
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It may be advisable to augment by injecting bone cement into the apical screws of the
humeral head if the bone quality is poor [20].

In cases with a lack of medial support or severe comminuted proximal humeral head
fractures, an additional tubular plate is positioned at the lesser tuberosity. In external
rotation of the humerus, the one-third tubular plate is placed anteriorly at the lesser
tuberosity after moulding it to the correct shape, at a 30–45◦ angle to the lateral plate. A
well-fitting plate prevents subcoracoid impingement. The correct position is achieved
when the plate starts proximally at the lesser tuberosity at the insertion of the subscapular
muscle, crosses the sulcus intertubercularis tendon, and ends laterally under the pectoralis
major muscle.

The initial steps of the surgical technique for ITFs are similar to the technique described
above. After visualization of the fracture, the impression type fragment is reduced. In most
cases, an open reduction and internal fixation with 2.7 and/or 3.5 mm cortical screws was
performed with additional defect-filling (auto- and/or allograft) (Figure 1). This surgical
method is similar to the one used for proximal tibia fractures [18]. For an autograft, bone
material from the proximal humerus itself was used, or if a larger amount was necessary, a
bone block from the ipsilateral iliac crest was used. For allograft, bone chips were used
(Tutoplast (RTI surgical, Marquette, MI, USA)). Some fractures were treated by reduction
and auto-/allograft alone without osteosynthesis.
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Figure 1. 33-year old male patient after an epileptic seizure: bilateral posteriorly dislocated im-
pression type fractures of the proximal humerus; (A) intraoperative pictures and X-rays of the left
proximal humerus: open reduction, allo- and autograft, fixation with three screws (3.5 mm + 2.7 mm);
(B) intraoperative pictures and X-rays of the right proximal humerus: open reduction, allo- and
autograft, fixation with three screws (3.5 mm + 2.7 mm).

2.5. Statistical Analysis

The data analysis was performed with GraphPad Prism (GraphPad 9.0.0, San Diego,
CA, USA). The results were compared with Mann-Whitney tests (two-sample unpaired
t-tests) with a correction for multiple comparison using the Holm-Šídák method. The
level of significance was set to p < 0.05. All results displayed represent mean ± SD unless
stated otherwise.

3. Results

Out of the 24 fractures that matched inclusion criteria, follow-up data was collected
for 19 fractures (79.2%; Table 2).
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Table 2. Datasheet for fractures that were examined during follow-up showing age, gender, type
of fracture, surgical treatment, and time of follow-up (TFU) in relation to surgery date in years;
ITF = fracture, SNF = surgical neck fracture, SPO = single plate osteosynthesis, DPO = double plate
osteosynthesis.

Pat. ID Age Gender Fracture Treatment TFU (y)
Follow-Up (y)

1 43 M ITF Allo- and autograft 7.6
2 31 W ITF Allograft 7.6
3 48 M ITF SPO, 1x screw 5.4
4 28 M ITF Allograft, 6x screw 2.4
5 33 M ITF Allo- and autograft, 3x screw 2.8
6 33 M ITF Allo- and autograft, 3x screw 2.8
7 27 W ITF Allograft 3.3
8 47 M ITF Allograft 3.4
9 47 M ITF Mod. McLaughlin procedure, 3x screw 4.6
10 29 M ITF Autograft, 2x screw 4.6
11 45 M ITF Allo- and autograft, 3x screw 4.3
12 35 M ITF Autograft, 2x screw 8.4
13 39 M SNF DPO 5.9
14 48 W SNF DPO 2.7
15 68 M SNF Allo- and autograft, 2x screw, SPO 2.2
16 47 M SNF 2x screw, SPO 2.3
17 45 M SNF Autograft, 2x screw 4.2
18 60 W SNF SPO, 2x screw 2.5
19 58 M SNF Autograft, SPO, 1x screw 2.1

Twelve fractures were subcategorized as ITFs and seven fractures as SNFs. Two
patients had bilateral fractures, so we were able to follow-up with 17 patients (77.2%),
representing 19 fractures. The mean age for these 19 cases was 43 ± 11.4 years (range
29–68 years); 15× male, 4× female. While there was a difference in age among the two
groups (ITF mean 37 ± 9 years, SNF mean 52 ± 10 years), that difference was statistically
not significant. The most common cause of injury (n = 11) was a fall or high energy trauma
with the remaining eight cases caused by a seizure or by accidental electrocution (Figure 2).
On average, these patients were treated within 6 ± 6.3 days after trauma (range 0–21 days).
In all cases, a CT scan was performed before surgery. None of the fractures showed a
concomitant glenoid fracture, and no injury of blood vessels or nerve injury associated
with the fracture was observed.
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3.1. Impression Type Fractures (ITFs)

The mean age for the ITF group was 37 ± 9 years. Eight out of twelve ITFs were
still dislocated during the examination and were treated initially by closed reduction and
immobilization in a sling in external rotation until surgery. Two ITFs were not dislocated
at the inspection and were immobilized in a sling. The remaining two ITFs were still
dislocated, but the closed reduction was unsuccessful. The mean gamma angle of the
ITF defects was 101.4◦ ± 11◦. Six of the twelve fractures were treated by open reduction
and internal fixation with a screw with additional auto-/allograft. One fracture was
treated with plate fixation, one fracture was addressed using a modified McLaughlin
procedure and screw fixation, and four fractures were treated with auto- and allograft
alone. Overall, in ten out of twelve ITFs, auto- and/or allograft was used to address the
bone loss caused by the ITF. The average surgery time was 88 min (33–142 min) with
all surgeries being performed by experienced shoulder surgeons. In one case, implant
removal and arthroscopic arthrolysis of the shoulder joint were performed. No further
complications were observed over time (Figure 3). All patients were able to return to work
and their pre-injury level of sports.
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Figure 3. Postoperative imaging of the patient from Figures 1 and 2; (A) left shoulder: 3-month
postoperative X-rays of the left proximal humerus: no pain, no displacement of the screws (the
opacification on the a.p. X-ray is a dialysis catheter); (B) right shoulder: 3-month postoperative
X-rays of the left proximal humerus: no pain, no displacement of the screws.

3.2. Surgical Neck Fractures of the Humerus (SNFs)

For the SNF group (n = 7), the mean age was 52 ± 10 years. Six out of seven SNFs
were classified as Resch 5GL, Codman 4-part, and Neer type IV fractures (4-part). The
remaining fracture was classified as a Resch 5G, Codman 3-part, and Neer type IV fracture
(3-part). All SNFs presented with an ITF component in addition to the SNF with a mean
gamma angle of 108.2◦ ± 11◦ for the bone defect. Furthermore, five out of seven fractures
showed head-split fractures on the CT-scan.

Six of the seven fractures were treated with locked plate fixation via a deltopectoral
approach, and one fracture was fixed with screws only. In more than half of the cases (four
out of seven), the surgeons opted for a double plate fixation (DPO), in which an anterior
one-third tubular plate was used in addition to the lateral locking plate. Furthermore, in
four out of seven cases, auto- or allograft was used to treat bone defects. The average
surgery time was 135 min (70–202 min) with all surgeries being performed by experienced
shoulder surgeons.

3.3. Revision Surgery & Complications

Figure 4 shows the case of a 39-year-old male bicyclist that collided with a motor vehi-
cle. He presented with a posteriorly dislocated locked SNF and an additional RHSL. The
surgeons treated this case via double-plate fixation (Figure 3A). Unfortunately, this patient
was re-admitted to the clinic 6.5 months postoperatively with implant failure and secondary
dislocation of the fracture (Figure 3B, left) without de novo trauma. Consequently, an
implant removal was performed, followed by corrective osteotomy, bone autograft, and
re-fixation with a longer plate (Figure 3B, right). There were no further complications in
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the other SNF cases. Six out of seven patients were able to return to their work and their
respective level of sports prior to the trauma.

Besides the one patient with implant failure, three patients (2× SNF group,
1× ITF group) underwent an implant removal with arthroscopic arthrolysis due to post-
operative shoulder stiffness resulting in an overall complication rate of 21%.
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Figure 4. 39-year old male bicyclist that collided with a motor vehicle; (A) axial CT scan and 3D
reconstruction of a posteriorly dislocated surgical neck fracture with an additional reverse Hill-Sachs
lesion; (B) secondary dislocation with screw failure (left) and final result after surgical revision
5.5 years after the index injury (right).

3.4. Range of Motion and Functional Scores

The mean follow-up time was 4.1 ± 2.1 years (range 2–8.4 years) after surgery. All
patients were satisfied with the results of the surgery. The mean range of motion was
excellent for the ITF group and good for the SNF group (Tables 1 and 3). The ITF group
showed better values for forward flexion, abduction, and external rotation, even though
those differences were not significant. Regarding the clinical tests, the ITF group achieved
better scores for CS and SSV. This difference was also not statistically significant. For the
remaining scores, namely SST, Rowe, WOSI, and ASES, statistically relevant differences
could be observed in favor of the ITF over the SNF group (Table 3).

Table 3. Results of the functional outcome during follow-up: patients in the ITF group showed greater
values than patients in the SNF group, with some significant differences (*). Mean column shows
mean values, upper and lower limit shows upper and lower CI (95%); CS = Constant Score (corrected
for age and gender); SST = Simple Shoulder Test; SSV = Subjective Shoulder Value; WOSI = Western
Ontario Shoulder Instability Index; ASES = American Shoulder and Elbow Surgeons Standardized
Shoulder Assessment Form.

ITF (n = 12), Mean SNF (n = 7), Mean p-Value

Forward Flexion 172◦ (160–184◦) 118◦ (65–172◦) 0.421
Abduction 172◦ (160–184◦) 115◦ (60–171◦) 0.421

External Rotation 69◦ (60–77◦) 38◦ (19–57◦) 0.084
Head/shaft-angle 124.3◦ (121–127◦) 120.9◦ (112–130◦) >0.999

CS 92 (84–99) 75 (55–93) 0.099
SST 100% (100–100%) 80% (53–100%) 0.003 *
SSV 91% (85–98%) 83% (68–98%) 0.421

Rowe 97 (92–100) 88 (78–97) 0.013 *
WOSI 11 (2–19) 34 (18–51) 0.023 *
ASES 96 (92–100) 85 (68–100) 0.041 *

4. Discussion

The most important finding of this study is that humeral head preserving surgical
treatment of posterior fracture dislocations of the proximal humerus yields a good clinical
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outcome. Secondly, patients with SNFs showed inferior outcomes compared to patients
with ITFs [18,21,22].

4.1. Surgical Treatment Options

While most ITFs were treated via screw fixation and/or auto-/allograft, the choice of
surgical treatment for SNFs looks much different. In almost all cases (6/7), locked plating
was necessary to ensure a stable fixation after proper fracture reduction. In 5/7 cases, an
auto- or allograft was also used. An additional graft was necessary because all SNFs also
presented with bone defects (ITF/RHSL). These different approaches in surgical strategy
underline the importance of understanding the pathology of these fractures.

The results of this study mirror those in the literature of case series that show good
to excellent results after open reduction surgery of SNFs [21–23]. Johnson and Pandey
published a case series of 11 patients with three- and four-part SNFs and were able to
show promising results (mean CS of 75 (range 64–86)) [22]. They treated all patients with a
minimal open reduction and percutaneous screw fixation technique. Luigi et al. reported a
case series of three SNFs with excellent results (CS range from 100–95 points) that were
treated using locking plates [23]. While having a statistically lower CS compared to the
ITFs, the SNF group in this study showed a good CS of 74 points.

4.2. Clinical Outcome

Regarding the clinical outcome, we were able to report very good results for the ITF
group (Table 3). All patients presented with a forward flexion and abduction of at least 155◦

and an external rotation of at least 60◦. Furthermore, all patients in this group were able
to return to their respective jobs and perform at their pre-injury level in sports. While the
range of motion for the SNF group showed lower values, patients were still able to perform
a mean forward flexion and abduction of at least 115◦ and a mean external rotation of 38◦.

While the SNF group showed good results regarding the CS with 75 points, the ITF
group presented very good results with a mean CS of 92 points. This difference was
statistically not significant. This is in accordance with case reports and case series on
this topic [3,21,24]. Trikha et al. analyzed the functional outcome of posterior fracture
dislocations treated with locking plates in a level-4 study that included 33 patients [3].
Their patient group contained 27 (82%) cases of AFD and 6 (18%) cases of PFD with an
overall CS of 78 in both groups. In another study, Oliveira et al. performed a follow-up on
eight patients with posteriorly displaced SNFs treated with locking plates and reported
good clinical outcomes (CS mean of 85 ± 13.6) [21].

Similarly, Gerber et al. were able to show a good long-term outcome (CS of 77 points
(range, 52–98 points)) for 19 cases with ITFs treated with allo- and/or autograft as a
segmental reconstruction of the humeral head with a mean post-operative follow-up time
of 10.6 years [24]. The difference in CS values in this study among the groups was 18 points
(92 vs. 74). In the literature, the claim has been made that a CS value of more than 6.7 points
represents the minimally important clinical difference (MICD) in patients surgically treated
with humeral shaft fractures [25]. Therefore, the detected difference in scoring can be
considered to make a clinical difference for patients. Regarding the ASES Shoulder Score,
the groups in this study showed a difference of 11 points (Table 3). This difference among
groups was significant. The ITF group also showed significantly better scoring for the SST,
Rowe, and WOSI score.

Besides the one case depicted above and the three cases of combined implant removal
and arthrolysis, there were no other revision surgeries or complications observed during
follow-up. This is in line with a large long-term follow-up study by Robinson et al. that
evaluated complications and long-term outcomes of open reduction and plate fixation of
proximal humeral fractures in 368 patients [26].
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4.3. Engagement of Bone Defects

Regarding the recommendation for surgical treatment, Moroder et al. described a
method to measure the critical value in a biomechanical study: the gamma angle [16]. This
angle is a combination of size and localization of RHSL defects. Size and localization of
the bone defect are both critical factors for engagement. The study group recommends
surgical treatment for defects with a gamma angle greater than 90◦. Our study measured
mean gamma angles for the ITFs of 101.4◦ and mean gamma angles for those SNFs with an
accompanying ITF of 108.2◦.

4.4. Save the Humeral Head or Replace It?

As mentioned in the introduction, another option for ITFs as well as SNFs is hemi-
or total arthroplasty. While the cut-off in defect size is still debated in current literature,
some authors gave recommendations based on defect size [24,27]. Gerber et al. recommend
treating ITFs with a defect size of the humeral joint surface of 35% to 40% or greater by hemi-
or total arthroplasty, as reconstructions of such significant bone defects might compromise
joint mobility [24]. Similarly, Schliemann et al. recommend treating RHSLs greater than 45%
of the humeral joint surface with arthroplasty [27]. In line with those recommendations,
all the patients that underwent humeral head preserving surgery included in this study
showed a defect size of 35% or less.

4.5. Limitations

One of the limitations of this study is its small number in patient population. This is
due to the scarcity of these fractures combined with a posterior dislocation of the proximal
humerus. For future studies focusing on this fracture pattern, it would be necessary to
include several level-1 trauma centers in a study to achieve higher numbers. Another
limitation is the timing of the follow-up exam, as it was not standardized. This could be
addressed in the future with a prospective clinical study.

5. Conclusions

This mid-term follow-up study reports good to very good clinical results for humeral
head preserving treatment of posterior fracture dislocations of the proximal humerus with
a mean four-year follow-up. This study advocates for treatment that preserves the humeral
head, if clinically reasonable.
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