
Introduction
Proximal humerus non-union (PHN) is a highly crippling 
complication of proximal humerus fracture (PHF) and is 
associated with considerable morbidity. The rate of non-union 
after the closed treatment of PHF is estimated to be between 
1.1% and 10% [1, 2]. The prevalence of PHN is higher in the 
presence of metaphyseal comminution, translation of the 
surgical neck, the interposition of the biceps tendon, deltoid 

muscle fibers or other soft tissue, synovial fluid at the fracture 
site, instability, inadequate fixation using a non-locking plate, 
post-operative infections, etc. [3-6].
Challenges to managing such non-union include small proximal 
fragments, scalloping of the head, medial bone defect, 
osteoporosis, soft tissue contractures, and problems related to 
the previous implants, etc. Challenges are far greater if they 
present very late or after previous surgery [7]. PHN is more 
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Abstract

Learning Point of the Article:
Poor quality bone in late presenting non-union of the proximal humerus can be successfully managed with adequate structural support 

using strut grafts and locking plates in addition to biological support.

Outcome of Osteosynthesis of Late-Presenting Proximal Humerus Non-
union: A Case Series
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difficult to treat than non-union of other parts of the humerus 
[8]. Checchia et al., as well as Boileau et al., have proposed 
classification systems for PHN in different time zones, based on 
the location and complexity of the fracture [4, 9].
 Different methods of osteosynthesis, implants, and arguments 
have been described with variable success rates, including 
inserting the shaft into the head, using an intramedullary 
cortical graft, blade plate, locking plate, and intramedullary nail 

including Polarus interlocking nail [10-13]. Functional 
outcome of PHN using a locking plate or blade plate with or 
without bone graft is comparable [14-17].
According to Ring et al., despite the longevity of the non-
unions, it is possible to achieve healing using the basic concepts 
of the creation of a stable skeletal fixation in the presence of well-
vascularized environments with the addition of autogenous 
bone graft [18]. Following the same concept, we report on six 
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Figure 1: (a and b) X-rays anteroposterior and lateral view showing cavitation effect of long-standing non-union of the proximal humerus in 
74-year-old female (c and d) immediate post-operative X-ray showing fixation with proximal humerus internal locking system plate, fibular 
strut graft supplemented with cortico-cancellous bone graft (e and f), follow-up X-ray at 5 months post-surgery (g and h) follow-up at 35 
months post-surgery X-rays (i-l) follow-up at 35 months showing satisfactory range of motion.

Figure 2: 65-year-old male with non-union left proximal humerus, (a-d) X-rays and computed tomography scans of shoulder joint showing non-union 
of proximal humerus with scalloped head in osteoporotic and loss of bone stock (e) showing fibular graft preparation (f) intramedullary fibular graft 
insertion (g) post-operative X-rays showing fixation with fibular autograft, proximal humerus internal locking system plate, and screws. (h-k) Follow-
up X-rays at 6 months and 2 years show union.( l-o): functional outcome at 24 months post-surgery showing satisfactory range of motion.
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cases of PHN presented to us more than 5 years after the original 
injury, where we were able to save the humeral head and achieve 
satisfactory outcomes using an intra-medullary strut fibular 
autograft with proximal humerus internal locking system 
(PHILOS) and cancellous bone grafting.

Materials and Methods
We have done an observational, single-center, hospital-based 
retroprospective study in a referral center in eastern India to 
know the functional outcome of osteosynthesis of very late 
presenting PHN. We have collected data from January 2007 to 
December 2020 from the medical record section. Radiological 
and clinical photographs were collected from electronic records 
to evaluate non-union gaps, bone loss, type of non-union, etc. 
This study has received Institutional head and Ethical approval. 
Although thirty-one cases of PHN have been managed in our 
unit during this period, we included only those patients who 
met the following criteria. Those patients presented more than 
5 years after failed conservative or operative management with 
poor quality of bone or after failed fixation, managed by 
osteosynthesis (autologous FSG, cancellous bone graft, and 
PHILOS plate). We have excluded those having screws 

penetrating the articular surface and have avascular necrosis 
(AVN). We found six such cases that fulfilled the inclusion 
criteria were included in the study. We inter viewed, 
photographed, and assessed the patients during final follow-up 
visits.
The reasonable size of the proximal fragment is another point of 
interest defined by Boileau classification to decide whether it is 
possible to do osteosynthesis and salvage these or shoulder 
reconstruction could be considered.
All selected patients with PHN had large scalloped humeral 
head defects. We used the deltopectoral approach in all the 
patients as it is extensile and useful in case of later revision. 
Considering distorted anatomy, abundant scarring, poor bone 
quality, and varus deformity, the bone margin was freshened to 
achieve satisfactory bone alignment with no varus [19].(Fig.1) 
A bony defect in the head was estimated and fibular strut 
autograft (donor site: Ipsilateral leg) is positioned such that it 
provides medial support (Fig. 2). Locking plates/PHILOS 
were applied with care to put some of the screws through FSG 
for better purchase. Longer plates were used when the previous 
fixation had failed, and the bone was very osteoporotic. Screw 
lengths were carefully checked in anteroposterior (AP), lateral, 

and multiple oblique views to 
e n s u re  t h at  t h e  l e n g t h  i s 
appropriate. Cancellous chips of 
autologous bone graft from the 
ipsilateral iliac crest were filled at 
the freshened bone surface of 
the non-union site, in the rest of 
the void around the FSG, and 
placed through holes of the 
plate.
The flexibility and range of 
motion of the shoulder have 
been tested. The shoulder was 
immobilized in 30° abduction. 
After 2–3 days or after reduction 
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Table 1: Paired samples statistics of all six patients in our study.

Figure 3: (a and b) X-rays at presentation showing non-union proximal humerus with broken implant in situ in 56-year-old female (c and d) axillary and 
anteroposterior views after 66 months (e-g) functional outcome at 66 months post-surgery showing satisfactory range of motion.
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of pain active pendulum exercise and passive abduction of the 
shoulder were started. Active abduction started after 4 weeks. In 
one case, there was severe abduction contracture, and she was 
kept in an abduction splint for 4 weeks before mobilization.
All patients were called for follow-up to evaluate clinically and 
radiologically at 6 weeks, 3 months, and every 6 months 
thereafter. The follow-up of patients varied between 30 and 102 
months. The primary outcome variable is to determine 
shoulder function based on the constant score and disabilities 
of the arm, shoulder and hand (DASH) score during the final 
follow-up.
 Secondary outcome variables are the demographic data of 
patients included in the study, factors that contributed to the 
initial non-union, the time of union, range of motion, and 
complications, as these factors can affect the functional 
outcome.

Paired sample t-test was used to 
compare the difference in mean 
of the pre-operative score and 
post-operative score of both the 
functional scoring systems for 
each patient included in the 
study. Mean standard deviation 
(SD) and standard error (SE) 
were calculated. We have kept 
the pre-operative and post-
operative score as pair one for 
the constant score and the pre-
operative and post-operative of 
the DASH score as pair two. 

Paired samples to score correlations were calculated separately 
for pair one and pair two.

Results
The clinical and functional results have been assessed at the 
time of the last follow-up. We are using the constant scoring 
system and DASH score to assess the functional outcome. The 
constant score consists of four variables including subjective 
factors (pain and the activities of daily living) and objective 
variables (range of motion etc.). DASH score ranges from zero 
(no disability) to 100 (most severe disability). The mean pre-
operative constant score is 26.33 (range: 10–47) which 
improved to 71.83 (range: 57–83) in the post-operative period. 
A 10-point difference in mean DASH score may be considered a 
minimal important change. The mean DASH score is 77.98 
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Table 3: Details of the cases, constant score, and DASH score: The scoring system shows significant improvement in shoulder 
function postoperatively.

Table 2: Paired samples tests and paired samples correlations.
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(range: 61.6–87.1) preoperatively, which is improved to 19.5 
(range 13.8–26.7) (Table 1) postoperatively. Thus, all patients 
have a greater than 10 points difference which is significant for 
the patient showing treatment effectiveness after surgery. [20].
Paired sample t-test compared the difference in mean of the pre-
operative score and post-operative score, which shows 
significant improvement postoperatively. The constant score 
and DASH score of pair 1 show SD of ±14.5 and 8.9 and the SE 
mean are 5.9 and 3.6. Pair 2 has ±SD 9.5/5.6 and SE means 
3.8/2.32. The correlation between pair 1 having a value of 0.627 
and pair 2 having 0.267 (Table 2). Correlation describes the 
association between two variables. The pre-operative constant 
scores increased postoperatively while the pre-operative DASH 
scores decreased postoperatively. The difference between the 
scores (pre- and post-operative) was statistically significant (P 
= 0.000 in both).
We have used descriptive statistics to report the outcome of six 
patients including two males and four females, between 22 and 
74 years of age (Table 3). Four patients were initially managed 
nonoperatively and two operatively for original fracture. There 
were two (33%) smokers, three had iron deficiency anemia, and 
two had hypertension. One presented with a broken implant 
(Fig. 3) and one with severe abduction contracture. The 
reasonable size of the proximal fragment is another point of 
concern, and according to Boileau classification, all six PHNs 
were found to be type III that is non-union at the site of the 
surgical neck [9]. Intramedullary autologous FSG, cancellous 
graft, and PHILOS plate were used in all (Fig. 2). All patients 
were satisfied with a stable shoulder with useful activity. In one 
case where severe abduction deformity of the proximal 
fragment was done to release the contracture of the rotator cuff 
where there was an additional challenge of being able to reduce 
the proximal fragment into acceptable alignment with the shaft, 
it also resulted in satisfactory radiological and functional 
outcomes.
Union was achieved in 6 months (mean). The duration of union 
time was calculated from the first presentation. Where fracture 
united in the X-ray. The union was achieved earlier in those, 
who initially managed conservatively (mean union time 5.5 
months) than in those, who were initially managed operatively 
(mean union time 7 months). There was no significant pain or 
disability in our study. However, one patient developed 
discomfort, occasional pain, and restriction of overhead 
abduction due to hardware prominence, for which implant 
removal was done at 2-year follow-up. The average abduction 
achieved was 136.6° (range: 120–150°) and the average forward 
flexion achieved was 120° (range: 100–140°).

Discussion
PHN is associated with considerable morbidity including pain 
and stiffness, in association with shoulder dysfunction in most 
[21]. There are no guidelines available to manage very late 
presenting PHN. No single implant is found to be ideal. In this 
study, we assessed the functional outcome of such cases managed 
with a locking plate, autologous fibular strut, and cancellous 
graft.
Outcome
In our study, mean constant score was improved to 71.83 (the 
pre-operative score was 26.33), which is comparable to Allende 
and Allende (72.7), Gao et al. (77.7), and Quadlbauer et al. 
(71.0) [22, 23, 24]. Ring et al., Allende and Allende, and Healy et 
al. also achieved 92–100% union in similar cases treated with 
plate and bone grafting [14, 22, 26] though Quadlbauer et al. (9 
cases) and Tauber et al. (55 cases) had been done osteosynthesis 
using plate but without bone graft and achieved a similar result 
(93% union and 100%, respectively) [24, 32].
Demographic data
The mean age of the patients in our study is 54.3 years (Table 3). 
This is comparable to the Ahrens et al. study (56.2 years), which 
treated five such non-union using autologous FSG and locking 
plate and achieved a satisfactory outcome in 80% of the cases 
[21]. Our study has a female-predominant population 
(M:F=2:4) like most of the studies, e.g.: Badman et al. (0:18), 
Hettrich et al. (0:3), Ahrens et al. (1:4), Allende and Allende 
(0:7), Gao et al. (2:5), Quadlbauer et al. (3:6) [16, 17, 21-24].
Risk factors
The factors that contributed to the initial non-union could 
potentially lead to a treatment failure when addressing the non-
union with open reduction and initial fixation (ORIF). Smoking 
is a well-known risk factor for PHN [2, 25, 26]. Sanchez 
described those younger patients who developed non-union 
usually and had higher Elixhauser-Comorbidity Index scores 
[25]. Two (33%) patients were smokers in this study. Rollo et al. 
found that 50% (8 out of 16) patients were smokers and two were 
addicted to alcohol [27]. Hanson et al., found that smokers have 
5.5 times more risk of developing non-union [2]. Among four 
female patients, three had iron deficiency anemia, and two had 
hypertension.
Surgical techniques
Healy et al. found a better outcome of treatment, after open 
reduction with internal fixation and bone grafting when 
compared with other methods of treatment including un-reamed 
intramedullary fixation and proximal humeral hemiarthroplasty 
[26].
Implants and augments



There are multiple types of implants and augments to manage 
PHN with variable success rates. Ring et al. [14] reported that, 
80% satisfactory outcome and 92% union among 25 PHN 
treated with a blade plate and autogenous bone grafting healed. 
Galatz et al. [15] 100% satisfactory outcome (100%) treated 
with either blade plate and bone graft (10 cases) or T-plate with 
bone graft. Badman et al. treated 18 patients with fibular allograft 
and the fixed-angle device showed union in 17 patients [16]. 
However, the ideal treatment for this disabling condition 
remains unclear and largely depends on the judicious use of 
treatment methods and surgical expertise [17]. We have noticed 
scalloping of the humeral head, bone gap, and local (or 
generalized) osteoporosis in all the cases, probably due to late 
presentation. End-to-end alignment of the fragments usually 
does not provide good bone contact and stability for these 
fractures. The autogenous intramedullary FSG helps obliterate 
the cavitation (scalloping) of the humeral head fragment, 
substitutes for bone stock deficiency, gives medial structural, and 
endosteal support, and avoids varus. Georgiadis and Georgiadis 
have used an intramedullary tantalum cylinder instead of FSG to 
provide endosteal support [28]. We have used a lateral PHILOS 
plate, through which some screws have been applied through 
FSG to enhance the strength of fixation. Other than locking 
plates and FSG, we also used cancellous autograft, which has 
provided improved biomechanical stability [24, 29].
A longer plate has been suggested for those PHN that was 
initially managed with a plate and failed. A longer plate increases 
the working length and provides a stable fracture-healing 
environment [9]. We have successfully managed those two 
patients with longer locked plates, who were managed initially 
with a plate. There was a relatively higher rate of reoperation in 
the ORIF group compared to the hemiarthroplasty group for 
several causes, including adhesion, lyses, loss of instrumentation, 
or ongoing non-union [13]. There was no need for reoperation 
in any of the six cases in our study.
Union time
Union was achieved in all patients at a mean of 6 months in our 
study. This is comparable to similar studies done by Badman et al. 
(5.4 months), Allende and Allende (5.9 months), Gao et al. (6.1 
months), and Carlock et al. (5.4 months) [16,22,23,30]. Badman 
et al. achieved union in 17 out of 18 non-unions [16]. 
Quadlbauer et al. concluded that locking plate fixation without 
bone grafting is a reasonable and safe option for treating proximal 
humerus non-union. However, Zastrow et al. found lesser union 
time when used with autograft [24, 29]. The union time of PHN 
using a locked plate augmented with autograft and found shorter 
(3.9 months) for those managed conservatively for original 
fracture and more for those managed operatively (5.5 months) 
for original fracture [29]. In our study, the union was achieved 

early in those, who initially managed conservatively (mean union 
time 5.5 months) than in those, who were initially managed 
operatively (mean union time 7 months).
Complications
Carlock et al. had shown a few complications such as one AVN 
and two cases (12.5%) of hardware failure requiring reoperation 
in the non-union group of patients [30]. Ring et al. and Tauber et 
al. also reported similar complications up to 15% [14, 31]. 
Though no such complications occurred in our study. There was 
discomfort, occasional pain, and restriction of overhead 
abduction due to hardware prominence in one patient. One of 
the five patients in the Ahrens et al. study had developed donor 
site morbidity, in his study (sensory changes in the area of 
superficial peroneal nerve improved in 6 weeks) and failure of 
fixation in 15 months [21]. In our study, we have noticed no 
donor site morbidity in any case.
FSG was first explained by Gardner et al. for medial column 
support [32]. Increased use of FSG in fresh fracture is gaining 
popularity, with a high grade of success, in the presence of 
comminution and osteoporosis [33-35]. We have used 
autologous FSG in all PHN. The subset of six patients from the 
study done by Carlock et al. also used FSG in six cases of PHN. 
But, unlike our study, the author used allograft, which might be 
the reason for one early fixation failure and AVN. Although the 
author agrees that graft type has an effect on the outcomes, 
disagrees that these complications were related to the allograft 
[30]. Barnes et al. also used fibular strut allograft, only 1 of 3 
patients of proximal humerus non-union did reach union [36]. 
Literature supports the use of fibular strut allograft in the case of 
hypertrophic non-union for additional mechanical support as 
biology is preserved in such cases [36- 40].
Strength and limitations
Our study is probably the first of its kind where we have selected 
only those cases of PHN that was presented 5 years after the 
initial fracture and managed by osteosynthesis. Due to the rarity 
of such cases, the small number of patients over a large period is 
one of the limitations of our study. We included a heterogeneous 
group of patients who were initially managed either by 
conservative or operative treatment, which is another 
shortcoming of our study. Another limitation of this study is that 
the duration of union time was calculated from the first 
presentation, where the fracture united in the X-ray.

Conclusion

Recommendations, and Future Directions
Symptomatic PHN can be managed operatively even in those 
presented very late. A locking plate alone is not sufficient due to 
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the corresponding bony gap, scalloping of the humeral head, etc. 
We can achieve union and satisfactory functional outcomes 
using PHILOS with augmentation of autologous FSG and 
cancellous graft. A prospective, multicentric study with many 
such cases will increase the efficacy and reliability of the study.

Clinical Message

Osteoporotic late presenting proximal humerus non-union should 
take into account mechanical support as well as biology using FSG 
and autologous cancellous graft, respectively. Both the above-
mentioned types of grafts have proven useful in addition to fixation 
with fixed angle devices (locking plate/PHILOS) for successful 
outcomes of osteosynthesis.
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