Acta Orthopaedica 2021; 92 (6): 651-657

3@ OPEN ACCESS
651

No change in reoperation rates despite shifting treatment trends: a
population-based study of 4,070 proximal humeral fractures

Carl BERGDAHL -2, David WENNERGREN -2, Eleonora SWENSSON-BACKELIN 1, Jan EKELUND 3,

and Michael MOLLER 1:2

1 Department of Orthopaedics, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Gothenburg; 2 Department of Orthopaedics,
Sahlgrenska University Hospital, Gothenburg/MéIndal; 3 Centre of Registers, Western Healthcare Region, Gothenburg, Sweden

Correspondence: carl.bergdahl@vgregion.se
Submitted 2021-03-28. Accepted 2021-05-25.

Background and purpose — Clear and acknowledged
treatment algorithms for proximal humeral fractures (PHFs)
are lacking. Nevertheless, a change in treatment trends,
including a change towards more reversed shoulder arthro-
plasties (RSA), has been observed during recent years. We
examined the effect of these changes on reoperation rates.

Patients and methods — Between 2011 and 2017,
4,070 PHFs treated at Sahlgrenska University Hospital were
registered prospectively in the Swedish Fracture Register
(SFR) and followed up until 2019 (mean follow-up of 4.5
years). Data on all reoperations were gathered from the SFR
and from medical records.

Results — The majority of PHFs were treated non-sur-
gically and the proportion increased slightly, but not sta-
tistically significantly, during the study period (from 76%
to 79%). Of the surgically treated fractures, the proportion
fixed with a plate decreased from 47% to 25%, while the use
of RSA increased 9-fold (from 2.0% to 19%). 221 patients
underwent 302 reoperations. For those primarily treated
surgically, the reoperation rate was 17%. Among treatment
modalities, plate fixation was associated with the highest
reoperation rate (21%). Rate of reoperations remained con-
stant during the study period, both for the entire study cohort
and for the surgically treated patients

Interpretation — During the study period, treatment
changes that are in accordance with recently published treat-
ment recommendations were observed. However, these treat-
ment changes did not affect the reoperation rate. Treatment
with a plate, intramedullary nail, or hemiarthroplasty was
associated with the highest reoperation rates. The fact that
almost every 4th surgical procedure was a reoperation indi-
cates a need for further improvement of modern treatment
concepts for PHFs.

Fractures of the proximal humerus are common and are asso-
ciated with a long-term negative impact on quality of life and
excess mortality (Clement et al. 2014, Bergdahl et al. 2020).
The optimal treatment is controversial. Displaced proximal
humeral fractures (PHF) may result in poor outcome regard-
less of treatment modality and challenging revision procedures
are common (Olerud et al. 2011a, 2011b, Lange et al. 2016).

The treatment options for PHFs have evolved rapidly in
recent years. The introduction of locking plates at the begin-
ning of this century led to a sharp increase in the surgical fixa-
tion of PHFs (Bell et al. 2011, Sumrein et al. 2017). However,
this trend was accompanied by an increased rate of compli-
cations and reoperations (Bell et al. 2011). In attempts to
reduce the failure and revision rate, multiple modified surgical
techniques evolved (Barlow et al. 2011, Boileau et al. 2013).
Parallel to this development, reversed shoulder arthroplas-
ties (RSAs) became increasingly popular (Han et al. 2016).
Compared with the traditional fixation methods, RSA dem-
onstrated lower complication rates (Klug et al. 2019). As a
result, RSA use has increased markedly, while plate fixation
has decreased (Han et al. 2016, Rajaee et al. 2017).

According to the latest Cochrane review on PHF interven-
tions there is a lack of data from randomized controlled trials
(RCTs) to support one treatment over another (Handoll and
Brorson 2015). The complication rate and need for revision
surgery are therefore relevant measurements when evaluating
PHF treatment. It is important to examine whether changes
in treatment affect the need for repeat surgery. We evaluated
trends in treatment methods for PHFs at a large Swedish
orthopedic trauma unit and explored the rate of and risk fac-
tors for reoperations after primary treatment.
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Patients and methods

Study population

All patients aged > 16 years treated for a PHF at Sahlgrenska
University Hospital (SUH) in Gothenburg in 2011-2017 were
identified in the Swedish Fracture Register (SFR). Patients
were followed until December 31, 2019, with an average fol-
low-up time of 4.5 years (2-9).

Data on patient demographics (age, sex), fracture charac-
teristics according to the AO/OTA (Arbeitsgemeinschaft fiir
Osteosynthesefragen/Orthopaedic Trauma Association) clas-
sification and treatment (primary treatment, cause, and type of
late surgery/reoperation) were extracted from the SFR. By using
the Swedish Tax Agency population register, all deaths during
follow-up were identified. The implementation, design, valida-
tion, and registration process of the SFR have been described
previously (Wennergren et al. 2015). SUH is the sole provider of
orthopedic trauma care in Gothenburg and is also responsible for
all sequalae related to fractures. To ensure that all reoperations
were included, the digital surgical planning system at SUH was
checked for all patients included in the study. Medical records
were reviewed in search of absent registrations in the SFR and
missed treatments were included in this study. The reporting of
this observational study follows the STROBE guidelines.

Treatment

Indication for treatment was not standardized, but all PHFs
were managed by a small group of experienced orthopedic
trauma surgeons specialized in upper extremity trauma. Surgi-
cal management was prompted for severely displaced fractures
in patients with high functional demands of their shoulder or
when deemed compulsory. “Primary treatment” was defined
as the treatment given within 30 days of the fracture date, as
treatment can be altered for a PHF at an early (< 14 days) fol-
low-up visit. As a result, nonoperatively treated patients who
subsequently (within 30 days) underwent delayed surgery
were classified as primarily surgically treated. Those treated
non-surgically were immobilized in a sling for 2—4 weeks fol-
lowed by physiotherapy.

Surgical treatment was divided into 5 groups: locking plate,
intramedullary nail (IM nail), hemi-arthroplasty (HA), reverse
shoulder arthroplasty (RSA), and a combination of methods
(combination). The combination methods included fixation
with screws, cerclage wires, suture anchors, mini-plates, or
a combination thereof typically used for displaced tuberos-
ity fractures. Both cemented and uncemented HAs and RSAs
were included. Trends in treatment were evaluated, and com-
parisons were made between the beginning (2011-2012) and
the end of the study period (2016-2017).

Reoperations

All surgical interventions following an initial surgical treat-
ment were referred to as a “reoperation.” In addition, a late

surgical procedure (= 30 days) following an initial non-sur-
gical treatment was regarded as a “reoperation.” Reasons for
reoperations were analyzed (non-union, malunion, avascular
necrosis [AVN] with collapse [Cruess grade 4 or 5], infection,
implant failure, and reoperation due to patient demands). Sec-
ondary displacements with screw penetration, perioperative
misplacement of implants, instability, and tuberosity absorp-
tion/displacement/malfunction were included in the “implant
failure” group. Implant removal is not routinely performed
at our institution and all reoperations were performed for
symptomatic failures in agreement with the patient. In accor-
dance with Olerud et al. (2011b), reoperations were further
divided into major and minor reoperations. Major reopera-
tions included all reoperations deemed compulsory, i.e., reop-
erations for all causes apart from reoperations due to patient
demands.

Statistics

Changes in patient demographics and treatment between the
beginning (2011-2012) and the end (2016-2017) of the study
period were analyzed using chi-square and Student’s t-test for
categorical and continuous variables, respectively. Statisti-
cal significance was set at p-values of < 0.05. Kaplan—Meier
survival analysis was undertaken to illustrate the cumulative
survival rate (i.e., time to reoperation) for the different treat-
ment modalities. Date of death was used as censor and reop-
eration as event in the analyses, while the end of follow-up
was December 31, 2019. Risk factors for reoperations were
analyzed with a Cox proportional hazards regression model
and expressed as hazard ratios (HR) with 95% confidence
intervals (CI). IBM SPSS statistics version 25.0 (IBM Corp,
Armonk, NY, USA) was used for all statistical analyses.

Ethics, funding, data sharing, and potential conflicts
of interest

The study was conducted in accordance with the Helsinki
Declaration and was approved by the Central Ethical Review
Board in Gothenburg, Sweden (reference number T1137-18).
In accordance with Swedish legislation, individual consent
was not required. No grants from any public, commercial, or
not-for-profit sector were received for this study. The data that
supports the findings of this study is available from the cor-
responding author on reasonable request.
The authors declare no competing interests.

Results

During the study period, 4,009 patients with PHFs were reg-
istered in the SFR at SUH. 22 patients were excluded due to
primary treatment elsewhere (n = 7), follow-up at another hos-
pital (n = 13), and excision arthroplasty (n = 2), leaving 3,987
patients with 4,070 PHFs for the final analysis. The mean age
at the time of a PHF was 68 years (16-104) and 72% of the
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Table 1. Frequency of treatment modalities with demographic data and distribution of

fracture types for the study cohort

Annual method distribution
100

90 |
Number of Fracture type 80
Treatment fractures Age Female (AO/OTA ®) n (%) ©
modality 2 n (%) mean (range) % A C 70
Non-surgical 3,117 (77) 68 (16-104) 73 1,653 (63) 1,299 (42) 165 (5.3) 607
Surgical 953 (23) 65 (16-103) 68 347 (36) 307 (32) 299 (31) 504
Plate 332 (8.2) 60 (16-99) 66 58 (17) 170 (51) 104 (31)
IM nail 255 (6.3) 71 (19-103) 69 164 (64) 71 (28) 20 (7.8) 40
Combination
method 134 (3.3) 57 (20-102) 54 108 (81) 17 (13) 9 (6.7) 301
HA 139 (3.4) 70 (35-92) 75 8 (5.8) 26 (19) 105 (76) 20 : mfa .
RSA 93 (2.3) 75 (51-96) 85 9(9.7) 23 (25) 61 (66) T Combination
All treatments 4,070 (100) 68 (16-104) 72 2,000 (49) 1,606 (39) 464 (11) 10 | E :gA
2]M nail, intramedullary nail; HA, hemiarthroplasty; RSA, reverse shoulder arthroplasty. 0-

b AO/OTA, Arbeitsgemeinschaft fiir Osteosynthesefragen/Orthopaedic Trauma Associa-
tion fracture classification; A, fracture type A; B, fracture type B; C, fracture type C.

¢ Percentage within the treatment group.

patients were female. According to the AO/OTA classifica-
tion system, most fractures were classified as type A (49%),
followed by type B (39%), and type C (11%). The majority
were treated nonoperatively (77%), while 23% of PHFs were
treated surgically (Table 1). Among surgical treatments, fixa-
tion with a locking plate was most common (35%), followed
by fixation with an IM nail (27%). Most fractures treated with
a combination method were of AO/OTA type A (81%), of
which 101 fractures (94%) were isolated tuberosity fractures
(AO/OTA 11-Al). Patients treated with an arthroplasty (HA
and RSA) had the highest proportion of complex fractures
(AO/OTA type C 76% and 66% respectively). No fractures
were treated with percutaneous methods requiring mandatory
removal of the fixation device.

The completeness in the SFR for primary procedures and
reoperations was 97% (n = 928/953) and 62% (n = 188/302)
respectively when medical charts were reviewed.

Change in treatment practice

Throughout the 7-year study period, there were no statistically
significant differences regarding patient demographics (age
and sex) and fracture characteristics (AO/OTA groups). The
proportion of surgically treated fractures did not differ statisti-
cally significantly during the study period (24% in 2011-2012
vs. 21% in 2016-2017; p = 0.06), but the distribution among
the treatment modalities within the surgical group did. The
proportion treated with a plate almost halved (n = 138/293;
47% in 2011-2012 vs. n = 61/237; 26% in 2016-2017; p <
0.001; Figure 1), while the proportion treated with IM nails
substantially increased (n = 63/293; 22% in 2011-2012 vs. n
=71/237; 30% in 2016-2017; p = 0.03). However, the great-
est proportional increase was seen in the group treated with
RSA (n =6/293; 2.0% in 2011-2012 vs. n = 44/237; 19% in
2016-2017; p < 0.001).

2011 2012 2013

2014

2015 2016 2017

Figure 1. Trends in treatment of surgically treated
proximal humeral fractures (PHFs), presented by
treatment modality as the proportion (%) of the total
number of surgically treated PHFs for each year
during the study period.

Reoperation/unplanned surgery

During the 7-year study period, 221 patients underwent
302 reoperations. 1 of almost every 4 surgical interventions
(302/1,257; 24%) for a PHF during the study period was a
reoperation. The overall reoperation rate (including late sur-
gery following initial non-surgical treatment) was 5.4%
regardless of cause and 4.0% when considering only major
reoperations (Table 2). Among the surgically treated fractures,
118 (12%) were subjected to a major reoperation and 163
(17%) to a reoperation of any cause.

Despite the observed changes in treatment practice during
the study period, the reoperation frequency remained similar
between the beginning of the study and the end (all PHFs
all reoperations 5.5% in 2011-2012 vs. 5.1% 2016-2017,
all PHFs major reoperations 3.8% in 2011-2012 vs. 4.2% in
2016-2017, surgically treated PHFs all reoperations 18% in
2011-2012 vs. 16% in 2016-2017, surgically treated PHFs
major reoperations 13% in 2011-2012 vs. 13% in 2016—
2017).

The most common reason for the first reoperation was
implant failure (35%) followed by reoperation on patient
demands, most often due to impaired range of motion and/or
pain (25%; Table 3). Reoperations due to infection were less
common (6%). However, most infections required more than
1 surgical procedure, so infection was the underlying cause for
12% of all reoperations. Most reoperations occurred within
2 years of the initial treatment (Figure 2) and the treatment
modality associated with the highest rate of reoperation was
plate fixation (all cause reoperations 21% and major reop-
erations 15%). The majority of major reoperations follow-
ing plate fixation were due to implant failure (43%) or AVN
(33%). Among the surgical treatment modalities, patients
treated with RSA had the lowest reoperation rate (all cause
reoperations 6% and major reoperations 5%).
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Table 2. Number, frequency, and reason for the first reoperation by treatment modality. Values are count (%)

Reason for first reoperation

Treatment  Total no. Fractures reoperated Implant  Patient Number of
modality of patients  All2  Major reop.2 Nonunion  Malunion  AVN Infection  failure demands Other® reoperations ©
Non-surgical 3,117 58 (1.9) 46 (1.5) 27 (0.87) 12(0.38) 6(0.19) 1(0.03) = 12 (0.38) = 78 (6.2)
Surgical 953 163 (17) 118 (12) 2(0.21) 4(0.42) 22(2.3) 13(1.4) 77 (8.1) 44 (4.6) 1 (0.10) 224 (18)
Plate 332 70 (21) 51 (15) 1 (0.30) 3(0.90) 17(5.1) 7 (2.1) 22 (6.6) 19 (5.7) 1(0.30) 103 (8.2)
IM nail 255 46 (18) 32 (13) - - 5(2.0) - 27 (11) 14 (5.5) - 51 (4.0)
Combination
method 134 18 (13) 11 (8.2) - 1(0.75) 1(0.75) 1(0.75) 9(6.7) 6(4.5) - 24 (1.9)
HA 139  23(17) 19 (14) - - - 3(2.2) 16 (12) 4 (2.9) - 32 (2.5)
RSA 93 6(6.5) 5(5.4) - - - 2(2.2) 3(32) 1(1.1) - 14 (1.1)
All treatments 4,070 221 (5.4) 164 (4.0) 9(0.71) 16(0.39) 28(0.69) 14 (0.34) 77 (1.9) 6 (1.3) (0.002) 302 (24)

IM nail, intramedullary nail; HA = hemiarthroplasty; RSA, reverse shoulder arthroplasty; AVN, avascular necrosis.

2 Percentage within treatment group.

b Reoperated with arthrodesis due to axillary nerve palsy sustained at initial trauma.

¢ Percentage within all surgical procedures.

Table 3. Indication for reoperation: frequency, time to reoperation,
and total number of reoperations

Total number
of reoperated

Days from

treatment to Total number

Indication for fractures first reoperation  of reoperations
reoperation n (%) mean (range) n (%)
Nonunion 29 (13) 194 (59-658) 45 (15)
Malunion 16 (7.2) 651 (203-2,247) 20 (6.6)
AVN 28 (13) 487 (76—1,946) 40 (13)
Infection 14 (6.3) 171 (9-861) 37 (12)
Implant failure 77 (35) 187 (1-727) 99 (33)
Patient demands 56 (25) 500 (47—-2,247) 60 (20)
Other@ 1(0.5) 158 1(0.3)
Total 221 (100) 338 (1-2,247) 302 (100)

AVN, avascular necrosis.
2 Reoperated with arthrodesis due to axillary nerve palsy sustained
at initial trauma.

Table 4. Cox proportional hazards regression of independent pre-
dictors of reoperation following treatment for a proximal humeral
fracture

All reoperations Major reoperations

Risk factor p-value Exp(B) (95%Cl) p-value Exp(B) (95% ClI)

Age (< 59 years as reference)

60-74 0.4 0.86 (0.63-12) 0.5 12 (0.78-1.7)

75-84 <0.001 0.37 (0.23-0.59) 0.04 0.57 (0.34-0.96)

> 85 0.007 0.50 (0.30-0.83) 0.5 0.84 (0.49-1.5)
Sex (male as reference)

Female 0.8 1.0 (0.93-18) 0.8 0.95(0.67-1.4)
AO/QOTA group (Group A as reference)

Group B 0.1 1.3 (0.93-18) 0.02 16 (1.1-2.4)

Group C <0.001 4.9 (3.5-6.8) 0.001 5.7 (3.8-8.4)
Injury mechanism 2 (high-energy trauma as reference)

Low-energy

trauma 0.2 0.71 (0.43-12) 0.3 0.71(0.38-1.3)

AO/QOTA group, see Table 1
a 87 fractures excluded due to unknown (71) or inapplicable (16)
trauma mechanism.

Cumulative proportion reoperated (%)

= Non-surgical

o5 | — Plate )

= IM nail

— Combination
HA

00| —RSA

_I—]

i

T
0 500

T T T T T
1000 1500 2000 2500 3000

Days from treatment

Figure 2. Kaplan—Meier curves, split by treatment modality, showing
risk of reoperation over time.

Risk factors for reoperations

The risk of a major reoperation increased with fracture com-
plexity (HR 1.6 [CI 1.1-2.4] in AO/OTA type B and HR
5.7 [CI 3.6-8.4] in type C compared with type A; Table 4).
Younger age (< 59 years) was an independent predictor of
reoperation when all reoperations were analyzed. However,
when patient-requested reoperations were excluded from the
analysis, the increased risk with younger age became less
apparent (Table 4). Neither sex nor injury mechanism (high-
or low-energy trauma) was associated with an increased risk
of reoperation.
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Discussion

This large prospectively collected but retrospectively validated
and reviewed cohort study of PHF treatment in Gothenburg
demonstrates that the proportion of patients treated surgically
decreased slightly (although statistically non-significantly, p
= 0.06) from 2011 to 2017, and that there was a significant
change in surgical treatment modalities. The use of plate fixa-
tion decreased in favor of IM nails and RSAs. However, these
changes in treatment have had no effect on the reoperation
frequency. The reoperation frequency remained constant, 5%
for all patients, 2% for nonoperatively treated patients, and
17% for surgically treated patients. Independent risk factors
for reoperations were fracture complexity (AO/OTA type C)
and younger age (< 59 years).

PHFs are most commonly managed by non-surgical treat-
ment. In our study, the proportion of non-surgical treatment
was 76% in 2011/2012 and 79% in 2016/2017. After a decade
of increasing rates of surgical treatment, a plateau appears to
have been reached regarding surgical/non-surgical treatment.
2 studies from the United States reported a relative increase
of 26% and 56% respectively of surgically managed PHFs
from the late 1990s to 2005 (Bell et al. 2011; Petrigliano et
al. 2014). A similar trend was reported in Sweden, with a
doubling of the relative rate of surgical treatment for PHFs
in 2000-2012 (Sumrein et al. 2017). The plateauing trend we
observed might be the result of the numerous publications
from 2010 and onwards, reporting a non-superior patient-
reported outcome following surgical treatment compared with
non-surgical treatment for PHFs (Olerud et al. 2011a, 2011b,
Rangan et al. 2015, Launonen et al. 2019).

The decreased use of plate fixation and the increased use of
IM nails and RSAs in this study are in accordance with previ-
ous reports from the western world. Both Rajaea et al. (2017)
and Rosas et al. (2016) reported a decrease in the rate of plate
fixation and a doubling in the rate of RSA use for PHFs in
the US between 2011-2013 and 2009-2012 respectively.
Several other studies have demonstrated the increasing role
of RSA in the treatment of PHFs, especially in older patients
with complex fractures. Registry data from the Nordic coun-
tries and New Zealand demonstrated a 5- to 6-fold increase in
the incidence of RSA for PHFs between 2009 and 2016 (van
der Merwe et al. 2017, Lehtimiki et al. 2020). Parallel to the
growing popularity of RSA in recent years, an increased role
for IM nails has been recognized, especially among elderly
patients. An RCT from 2011 demonstrated lower complica-
tion rates associated with the modern version of IM nails com-
pared with locking plates for two-part surgical-neck fractures
(AO/OTA A2 and A3) (Zhu et al. 2011).

Contrary to what we anticipated, the treatment changes we
found did not render lower overall reoperation rates. One pos-
sible explanation might be the observation that reoperations
following fixation with a plate, IM nail, or HAs remained

high during the study period. With recent treatment changes,
including advances in surgical techniques and the preferred
use of RSA instead of plate fixation in the elderly, as well as
in complex fractures, a reduced failure rate/reoperation rate
for these treatment modalities could be expected. However, no
such changes were noted. Because plate fixation, IM nails, and
HA still accounted for two-thirds (n = 159, 67%) of all surgi-
cal treatments at the end of the study period, the low reopera-
tion rates following RSA did not result in lower overall reop-
eration rates.

Considering the high rate of reported reoperations following
plate, IM nail fixation, and HAs, these treatments must be ques-
tioned, especially as their superiority compared with nonopera-
tive treatment has not been demonstrated (Olerud et al. 2011a,
2011b, Lange et al. 2016, Launonen et al. 2019). In fact, no sur-
gical treatment modality has demonstrated superior functional
and/or patient-reported outcome compared with non-surgical
treatment for displaced PHFs, but surgery has been associated
with substantially higher risks of secondary surgery with a risk
ratio of 2.2 (95% CI 1.2-4.0) at 2 years post-fracture (Handoll
and Brorson 2015, Lopiz et al. 2019). The fact that almost a
quarter of all surgical procedures for PHFs in this study were
unplanned reoperative procedures implies a need for additional
research on how to select patients and fractures for the respec-
tive treatment in order to minimize the need for reoperations.

RSA was associated with the lowest reoperation rates of
all surgical treatment modalities in our study. However, this
should be interpreted with caution because revision surgery
following RSA is particularly demanding and few salvage
procedures are available. Nevertheless, a recent Swedish
study demonstrated superior clinical results in patients treated
with RSA compared with HA and, taken together with the
low revisions rates, these results indicate that RSA plays an
important role in the surgical management of PHFs (Jonsson
et al. 2021).

Few previous studies have reported overall reoperation
rates in a consecutive series of PHFs, regardless of treatment
modality. We found no other study with such a large cohort
of patients that had been individually controlled for reopera-
tions. In a Swiss study, 192 consecutive patients with a PHF
were followed up for a year and the reoperation rate of 11%
was higher than the 5% reported in our study (Spross et al.
2019). In our study, reoperation was used as an indication of
a complication or failure of the primary treatment. However,
repeat surgery as an outcome measurement must always be
interpreted with caution. The absence of reoperation does not
necessarily represent an acceptable outcome. Many patients
with complications or poor functional outcome are not sub-
jected to reoperation (Amundsen et al. 2019, Barlow et al.
2020). Therefore the actual rate of complication or poor func-
tional outcome in our study was probably substantially higher
than the reported reoperation rates.

Younger age and increasing fracture complexity were
found to be independent predictors of reoperation, which are
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in accordance with previous reports (Petrigliano et al. 2014,
Barlow et al. 2020). Younger patients are probably more will-
ing to undergo further surgery in order to avoid dysfunction
and pain, which may be an explanation for the increased risk.
This assumption is supported by the higher rate of patient-
requested reoperations we found in patients < 59 years old.
Similar findings have been demonstrated for other surgically
treated fractures (Wennergren et al. 2021). Elderly patients
are generally reluctant to undergo additional surgery and
probably more inclined to accept dysfunction. Barlow et al.
(2020) found that older age was associated with increased
radiological complications in a study of plate-fixated PHFs.
Nevertheless, older patients were less likely to undergo reop-
erations.

High validity for reoperations is a proven difficulty in regis-
ter-based studies and underreporting leads to an underestima-
tion of the risk of reoperation (Wennergren et al. 2021). To
avoid reoperations not registered in the SFR remaining unde-
tected, only patients primarily treated and eligible for follow-
up at SUH were included. This enabled a medical-chart review
in the search for reoperations. Reoperations performed outside
SUH would consequently not be included. However, those are
most likely few in numbers considering that SUH is the sole
provider of treatment for PHFs and sequalae related to PHFs
in the region.

Strengths and limitations

There are some limitations to this study. The data were col-
lected prospectively but reviewed retrospectively. Thus,
as previously mentioned, the risk of reoperations not being
included in the study cannot be fully disregarded. On the other
hand, the study design enabled the inclusion of more than
4,000 consecutive and individually reviewed PHFs, which is
a considerable strength. This adds important knowledge to the
evaluation of the overall treatment for PHFs outside the strict
setting of RCTs. Another limitation always to be considered
in research on PHFs is the limited interobserver reliability
reported for PHF classifications (Wennergren et al. 2017).
Lastly, the results are based on data from a single center,
which may limit the generalizability. This was, however, a
prerequisite in order to obtain a high level of completeness
and validity regarding reoperations.

Conclusion

This study provides an evaluation of recent trends in PHF man-
agement with regards to reoperations. Although RSAs and IM
nailing increased substantially, while plate fixation decreased,
no effect was observed in relation to reoperation rates. Plate
fixation, IM nailing, and HAs continue to be associated with
high failure rates and 1 in every 4 surgical interventions for a
PHF was a reoperation. These results highlight the need for
a better treatment algorithm to optimize the care of patients
with PHFs.

CB and MM conceived the study idea and ESB and CB conducted the com-
pletion of data. CB and JE performed the statistical analyses and CB wrote
the initial draft. All authors contributed to the interpretation of the data and
revision of the manuscript.
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