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Background:  The  purpose  of this  study  is  to  evaluate  which  factors  will  affect  range  of  motion  (ROM)
and  function  in partial  radial  head  fractures.  The  hypothesis  is  that  conservative  treatment  yields  better
outcomes.
Materials  and  Methods:  This  retrospective  comparative  cohort  study  included  43  adult  volunteers  with
partial  radial  head  fracture,  a minimum  1-year  follow  up, separated  into  a surgical  and  non-surgical  group.
Risk factors  were:  associated  injury,  heterotopic  ossification,  worker’s  compensation,  and  proximal  radio
ulnar  joint  (PRUJ)  implication.  Outcomes  included  radiographic  ROM  measurement,  demographic  data,
and quality  of  life  questionnaires  (PREE,  Q-DASH,  MEPS).
Results:  Mean  follow  up  was  3.5 years  (1–7  years).  Thirty  patients  (70%)  had  associated  injuries  with
decreased  elbow  extension  (−11◦, p =  0.004)  and  total  ROM  (−14◦, p = 0.002)  compared  to the  other  group.
Heterotopic  ossification  was  associated  with  decreased  elbow  flexion  (−9.00◦, p =  0.001)  and  fractures
involved  the  PRUJ  in  88%  of patients.  Only  worker’s  compensation  was associated  with  worse  scores.
There  was  no  difference  in terms  of function  and  outcome  between  patients  treated  non-surgically  or

surgically.
Discussion:  We  found  that associated  injuries,  worker’s  compensation  and  the presence  of  heterotopic
ossification  were  the  only  factors  correlated  with  a worse  prognosis  in  this  cohort  of  patients.  Given  these
results,  the  authors  reiterate  the  importance  of  being  vigilant  to  associated  injuries.
Level  of evidence:  IV,  Retrospective  study.

©  2019  Published  by Elsevier  Masson  SAS.
. Introduction

Radial head fractures are relatively common, representing
pproximately one-third of all elbow fractures [1–3]. However,
espite their high incidence, few studies focused on this subject in
he literature. Treatment algorithms are usually guided by the mod-
fied Mason classification, and range from nonoperative treatment
o radial head excision, with or without arthroplasty, depending on
racture type and the amount of displacement [4]. Displacement is

lassically evaluated on the articular surface of the radio-capitellar
oint, but it is also important to consider the position of the radial
ead fracture relative to the ulna within the proximal radio ulnar
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joint (PRUJ). The vast majority of partial radial head fractures
involve the PRUJ [5]. The portion of the radial head that doesn’t con-
flict with the ulna during pronation is called the safe zone (SZ) [6,7].
Kodde et al. reported a 70% incidence of Mason type 1 fractures,
suggesting most patients are treated without surgery. [8] Never-
theless, radial head fractures with associated bony injuries may
require treatment and are more common than previously reported.
Associated injuries occur in up to 92 % of cases [9] and the most fre-
quently associated fractures involve the proximal ulna (coronoid
and olecranon), carpus, and distal radius [8,10,11].

Outcomes are generally inversely proportional to the amount
of force involved in the mechanism of injury, with simple frac-
tures doing better than more comminuted ones. [2]. However, the
prognosis for these fractures may  also be influenced by associated

injuries and patient-related factors (age, body index mass, gen-
der, tobacco habit, etc.). Therefore, the purpose of this study is to
define whether location and size of the radial head fracture, type of

https://doi.org/10.1016/j.otsr.2019.06.021
http://www.sciencedirect.com/science/journal/18770568
http://www.elsevier.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2019.06.021&domain=pdf
mailto:dominique.rouleau@umontreal.ca
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Fig. 1. Retrospectiv

reatment, associated injuries, and patient related factors influence
oth ROM and clinical outcomes. Our hypothesis is that nonopera-
ive treatment yields better outcomes in terms of range of motion
ROM), function, and pain.

. Patients and Methods

Patients from a level-1 trauma center were selected from the
urgical and radiological databases over a seven-year period. All
lbow X-rays were reviewed and all patients 18 years and older
ith a partial radial head fracture with available CT-scan were eli-

ible. Inclusion criteria were: patients with a partial radial head
racture (OTA/OA type B classification), X-ray, and CT scan with
ufficient image quality to visualize the biceps tendon [12]. Exclu-
ion criteria were: fractures involving the entire head or neck of
he radius, no available CT-scan, open physes, and pre-existing
lbow pathology (osteoarthritis, heterotopic ossification, or prior
racture). Patient flowchart is presented in Fig. 1.

Selected participants were contacted and invited to take part
n this study. Demographic data collected included: age, smok-
ng status, hand dominance, height, weight, frequency, and type
f physical exercise prior to the fracture. Second, volunteers were
nvited to complete validated function and Quality of Life (QoL)
uestionnaires: Quick-DASH (Disability of the Arm, Shoulder and
and) [13], PREE (Patient-Related Elbow Evaluation) [14], MEPS
Mayo Elbow Performance Score) [15], and Pain scale [16]. Third,
articipants took new radiographs of both elbows, including stan-
ard AP and lateral views, as these provide more reliable data when
sing the radiological method [17]. The lateral views were taken in
Fig. 2. Radiocapitellar ratio (RCR) = (2.5 mm/20 mm)  × 100 = 12.5%.

maximal flexion and maximal extension with the forearm in neu-
tral position to determine ROM. A radiologist reviewed the standard
AP and lateral images for diagnostic purposes. (Fig. 2) Radial head

fracture fragment displacement was  measured on a 90◦ lateral X-
ray (Fig. 3). [18] The maximal flexion and extension lateral X-rays
were used to measure range of motion (Figs. 4 and 5) [17]. The
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Fig. 3. Axial displacement of the radial head fracture = 4.0 mm.

Fig. 4. Maximal flexion = 180◦–30◦ = 150◦ .

Fig. 5. Maximal extension = 166◦–180◦=−14◦ .

Fig. 6. Fracture located in the SZ and PRUJ.
same radiological series were taken on the contralateral side. Hori-
zon medical imaging 12.0 (McKesson, Richmond, Canada) software
was used for all radiographic measurements. The uninjured elbow
was selected to represent the pre-operative reference, since it has
been shown that ROM is similar on both sides [17,19]. The fracture
angle is defined as the angle between the two fracture lines of the
proximal aspect of the radial head in axial view. This angle was
determined using CT-scan (Fig. 6).

The CT-scan was  used to determine the radial head fracture
angle in the axial view and the position of the fracture according
to the PRUJ. A stencil previously designed and validated was used
to classify the fracture as PRUJ positive or negative [20]. The stencil
was applied on the axial view of the scan, aligned with the insertion
of the biceps tendon on the radial tuberosity. Subsequently, while
keeping the stencil affixed to the screen, images were scrolled until
the proximal aspect of the radial head was  shown. Then, using a
stencil indicating where the SZ and PRUJ were situated, the fracture
was analyzed. The angle attesting that the radial head fracture was
in the SZ only, starting from the radial tuberosity, was  between 108◦

and 212◦, clockwise for a right elbow and counter-clockwise for a
left elbow [20]. Then, it was easy to determine whether the fracture
involved the SZ and/or the PRUJ. After determining the position of
the fracture with the stencil, the fracture angle was  measured with
the radiology software.

Participants were separated into two groups, based on treat-
ment type (surgical and nonoperative management). As this was a
retrospective study, treatment was  decided by the treating surgeon
at time of presentation. Patients who underwent surgical treat-
ment for associated injuries were still considered nonoperative if
the radial head fracture was  not treated surgically. Statistics were
performed with StatPlus software (version 6, AnalystSoft, CA). The
demographic characteristics of both groups were first compared
using unpaired Student t-test and Fisher’s exact test. The Student t-
test was  used to compare both groups according to ROM outcomes
and QoL scores.

Participant characteristics and associated injuries were tested
for correlation with four QoL questionnaires. All patients were
included into a Pearson correlation analysis. Student’s t-test anal-
ysis compared the impact of associated injuries on outcome
parameters. A power study, based on a difference of 10◦ of total
ROM loss between the 2 treatment groups, a standard deviation of
8◦ [21], an alpha of 0.05 and a power of 80%, found that 12 patients

per group were needed [22]. The local ethics committee approved
this retrospective cohort study design.
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Fig. 7. Fracture located in the SZ only.
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prospective study, using only Mason’s classification and displace-
ment of the fragment to determine treatment, is currently being
Fig. 8. Radial head fracture angle = 115◦ (SZ and PRUJ).

. Results

Forty-three patients were included in the study cohort. There
ere 27 males and 16 females with a total mean age of 49.6 years

ld. The mean delay between injury and functional evaluation was
.5 years (1–7 years). The dominant side was injured in 42% of cases.
he vast majority of radial head fractures (88%, n = 38) involved both
he SZ and the PRUJ (Figs. 7 and 8). Seventy percent (n = 30) of par-
icipants had at least one associated injury. Twenty-six participants
nderwent conservative treatment and 17 had surgery. Neurologi-
al lesions included traumatic brain injury, median, ulnar or radial
erve injury, and were present in four participants. Heterotopic
ssification (HO) was found in 16% of elbows (n = 7) (Table 1).

The comparison between the normal and injured side revealed
hat maximal extension (mean +11.5◦ vs. +20.1◦, p < 0.001) and
otal ROM (mean 133.4◦ vs. 122.1◦, p < 0.001) were significantly
ecreased. The average strength for the JAMAR test was 35 kg for
he healthy side and 32 kg for the injured side. There was no sig-

ificant difference between the healthy and fractured side for the
vailable supination and pronation data (Table 2). The average
Surgery & Research 105 (2019) 1585–1592

Quick DASH, MEPS, PREE and Pains Scale scores were 18.5, 87.6,
26.8 and 3.4 respectively.

3.1. Factors affecting ROM

Comparison of demographic characteristics (Table 1) showed
that patients treated surgically demonstrated a statistically higher
number of associated ulna fractures (9 vs. 12, p = 0.031). The surgical
group presented with larger fracture fragments, as demonstrated
by a greater fracture angle (p = 0.010) (Fig. 9; Table 3.). The Quick
DASH, PREE, MEPS and Pain scale were comparable between both
groups. The presence of associated injury was correlated with
decreased extension (p = 0.004) and decreased total ROM (p = 0.002)
(Table 4). The loss of flexion (p = 0.01) and total ROM (p = 0.016)
was significantly higher in patients with heterotopic ossification
(Tables 5–6).

3.2. Factors affecting function

Worker’s compensation was a risk factor associated with
decreased Quick DASH score (r = −0.3, p = 0.037). Loss of maxi-
mal  extension was also correlated with the Quick DASH (r = −0.4,
p = 0.011) and Pain scale scores (r = −0.3, p = 0.030). Loss of total
range of motion was also correlated with Quick DASH (r = −0.5,
p = 0.003), PREE (r = −0.4, p = 0.012) and Pain scale (r = −0.4,
p = 0.020) results. Regarding associated injuries, elbow disloca-
tion negatively influenced the Quick DASH (r = −0.3, p = 0.040)
score, while ulna fractures correlated with worse MEPS (r = −0.3,
p = 0.035). The presence of an associated injury was correlated with
a loss of extension (p = 0.004) and of total ROM (p = 0.002) (Table 4).

4. Discussion

Treatment for partial radial head fractures is guided in part by
the Mason classification, although associated injuries and motion
block are important factors. Nonoperative treatment has tradition-
ally been used for simple and nondisplaced radial head fractures,
while surgical treatment was reserved for complex and displaced
fractures [3,8,23,24]. The purpose of this study was to evaluate the
impact of treatment choice on elbow ROM and function, at a mini-
mum  of one year following radial head fracture. Our hypothesis was
that nonoperative treatment would yield better outcomes. How-
ever, we found no statistical difference in outcomes based solely
on treatment type, which confirms findings from previous stud-
ies. Nonetheless, the p-value remained low (p = 0.071) when we
compared the fragment’s axial displacement between the nonoper-
ative and surgical groups. The average initial articular step-off was
also different between the two  groups with 1.82 mm and 3.44 mm,
respectively. It should also be noted that both groups in our study
were not comparable, as shown by the greater displacement in
the operated group. Indeed, a systematic review by Strujis et al. of
24 studies, between 1966 and 2004, on 825 radial head fracture
patients, concluded that the evidence was insufficient to deter-
mine optimal treatment for type II-IV radial head fractures [25].
Furthermore, Yoon et al., found no benefit to ORIF in partial radial
head fractures [26]. The retrospective nature of the present study
made it impossible to establish what guided the treatment choice
(conservative or surgical) which could also be a relevant factor. A
conducted by Bruinsman et al. (2014) who published their study
protocol, but the results have yet to be reported.
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Table  1
Demographics.

Total cohort (n = 43) Nonoperative treatment group (n = 26) Surgical treatment group (n = 17) p value

Age (range) 49.6 (20–87) 48.7 (20–87) 50.9 (25–73) 0.672a

BMI  (range) 27.8 (18–38) 27.0 (18–35) 29.0 (22–38) 0.218a

Gender
Male (%) 27 (63) 18 (69) 9 (53) 0.343b

Female (%) 16 (37) 8 (31) 8 (47)
Smoking (%) 7 (16) 5 (19) 2 (12) 0.685b

Physical activity
Yes (%) 32 (74) 20 (77) 12 (71) 0.728b

1–2 times/week 14
3–4 times/week 13
5–7 times/week 5

Work accident (%) 8 (19) 6 (23) 2 (12) 0.446b

Traffic accident (%) 4 (9) 3 (12) 1 (6) 1.000b

Monotrauma (%) 26 (60) 17 (65) 9 (53) 0.528b

Dominance
Right handed (%) 41 (95) 26 (100) 15 (88) 0.151b

Fracture of the dominant elbow (%) 18 (42) 10 (38) 8 (47) 0.753b

Localization of the fracture
SZ only 2 (5) 2 (8) 0 0.510b

PRUJ only 3 (7) 3 (12) 0 0.266b

SZ and PRUJ 38 (88) 21 (80) 17 (100) 0.067b

Patients with associated injuries (%) 30 (70) 16 (62) 14 (82) 0.187b

Number of associated injuries 45 22 23
Dislocation (%) 10 (23) 4 (15) 6 (35) 0.158b

Humerus fracture (%) 14 (33) 9 (35) 5 (29) 0.753b

Distal humerus 8 (19) 6 (23) 2 (12) –
Medial epicondyle 1 (2) 1 (4) 0 –
Lateral epicondyle 5 (12) 2 (8) 3 (18) –
Ulna  fracture (%) 21 (49) 9 (35) 12 (71) 0.031b

Coronoid 15 (35) 7 (27) 8 (47) –
Olecranon 8 (19) 3 (12) 5 (29) –
Proximal ulna 7 (16) 3 (12) 4 (24) –
ORIF  of the humerus (%) 4 (9) 3 (12) 1 (6) 1.000b

ORIF of the ulna (%) 12 (28) 4 (12) 8 (47) 0.037b

Type of treatment
Resection of the fragment (%) 1 (2) – 1 (6) –
Screw(s) (%) 6 (14) – 6 (35) –
Plate  and screws (%) 1 (2) – 1 (6) –
Prosthesis (%) 9 (21) – 9 (53) –
Extraction of material (%) 2 (5) – 2 (12) 0.151b

Heterotopic ossification (%) 7 (16) 2 (8) 5 (29) 1.000b

Neurological lesions (%) 4 (9) 2 (8) 2 (12) 0.528b

BMI: body mass index; ORIF: open reduction and internal fixation; PRUJ: proximal radio ulnar joint; SZ: safe zone. The bold indicated significant p values.
a Student t-test.
b Fisher’s exact test.

Table 2
JAMAR, pronation and supination data.

Measurements Healthy side Fractured side

Pronation (n = 38) Mean: 86◦ ± 9◦

Range: 50◦ to 95◦
Mean: 89◦ ± 3◦

Range: 80◦ to 95◦

Supination (n = 38) Mean: 81◦ ± 14◦

Range: 30◦ to 95◦
Mean: 86◦ ± 8◦

Range: 65◦ to 98◦

4

m

i
q
a
m
o
t
c
f

a mean MEPS score of 88.6/100 and an extension deficit of 15.9◦
JAMAR (n = 43) Mean: 35 kg ± 14 kg
Range: 14 kg to 70 kg

Mean: 32 kg ± 14 kg
Range: 4 kg to 70

.1. Clinical outcomes

Among the variables used to evaluate outcome, ROM was the
ost important determinant.
Although there is no other data on the effect of associated

njuries on radial head fractures for ROM and function using QoL
uestionnaires, our results indicate that the presence of associ-
ted injuries significantly influences extension and total range of
otion of the elbow. Indeed, stiffness is the most common adverse
utcome of a radial head fracture, secondary to capsular con-
racture [3]. Studies by Kodde et al. and Lapner et al. reported
oncomitant injuries in 11% and between 10 and 30% of radial head
racture patients respectively [4,23], while Itamura et al. reported
associated injuries in 92% of cases following an MRI  evaluation
[9]. Coronoid fractures are reported to be the most commonly
associated injury according to Capo et al. (17/25 = 68%) [5], while
Van Riet et al. found that 20 out of 46 patients with a Mason II
radial head fracture also had a coronoid fracture, olecranon frac-
ture, medial and/or lateral collateral ligament tears [10]. Similarly,
our results showed that 70% of patients had associated injuries;
coronoid fractures being the most frequent, followed by olecra-
non fractures. This data highlights the importance of detection for
associated lesions and raises the question of whether a systematic
CT-scan might be a necessary adjunct when treating these types of
injuries.

For QoL scores, the overall mean outcomes for the entire cohort
(43 patients) were worse when compared to established historical
data for the DASH score, PREE score, and pain scale but better for the
MEPS score. The Quick DASH scores following radial head fracture
reported in previous studies ranged from 6.0 to 14.1 [27]. Fowler
et al. reported a systematic review of 11 articles on patients over
50 years of age that had undergone a radial head arthroplasty with
[28]. They also reported an overall median pain score of 0 (range
0 to 8) [29]. This differs from our own  results (3.4/10) and could
be attributed to the more complex nature of the associated injuries
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Fig. 9. Radial head fracture angle = 47◦ (SZ only).

n the current series and explain the discrepancy with the litera-
ure. Furthermore, replacement may  lead to less pain than fracture

xation or conservative treatment [30,31].

The link between worker’s compensation status and worse
utcome in fractures is well documented. In this cohort it was

able 3
mpact of conservative versus surgical treatment.

Conservative treatment group (n = 26) 

Fracture angle (◦) 119.04 

Fracture step-off (mm)  1.82 

Loss  of flexion (◦) 1.69 

Loss  of extension (◦) 7.42 

Loss  of total ROM (◦) 9.12 

Variation of RCR (%) 6.03 

Quick  DASH 18.8 

PREE  25.3 

MEPS  88.5 

Pain  scale 3.3 

he flexion, extension, total ROM, and RCR report the difference between the uninjured a
atient-rated elbow evaluation; MEPS: mayo elbow performance score. The bold indicate

able 4
mpact of associated injuries.

No associated injuries (n = 13) 

Angle of fracture (◦) 137.69 

Fracture step-off (mm)  2.63 

Loss  of flexion (◦) 2.31 

Loss  of extension (◦) 2.92 

Loss  of total ROM (◦) 5.23 

Variation of RCR (%) 6.44 

Quick  DASH 21.0 

PREE  34.0 

MEPS  83.1 

Pain  scale 4.2 

he flexion, extension, total ROM and RCR report the difference between the uninjured a
Atient-rated elbow evaluation. MEPS: mayo elbow performance score. The bold indicate
Surgery & Research 105 (2019) 1585–1592

associated with worse Quick DASH scores. The correlation was  low
but significant.

According to Hong et al. the presence of heterotopic ossification
is also associated with decreased ROM [30]. Foruria et al. reported
48 cases of HO among 142 fractured proximal radius or ulna treated
surgically and 20% of these had a decreased ROM  [32]. In our study,
sixteen percent (n = 7) of patients had HO. Two  of the 17 surgically
treated patients developed HO, which is less than the literature.
The appearance of HO is gradual and increases with time, severity
of trauma, and residual joint instability [33].

4.2. Radiological data

There is no significant difference in the axial displacement of
the fragment between the nonoperative and surgical groups, but
the p-value remains low (p = 0.071). The average initial articular
step-off for the conservative and surgical groups were 1.82 mm and
3.44 mm respectively, which correlated with our protocol of a 2 mm
cut-off for surgical treatment [34].

This study has some limitations associated with its design.
Indeed, this is a retrospective, voluntary-based study with its inher-
ent selection bias. Comparing patients with and without surgery in
a retrospective manner probably also means comparing two dif-
ferent groups of patients. Moreover, patients with a CT-scan do not
represent the majority of patients with a radial head fracture. It is
likely that only the more complex fractures had a CT scan, exclud-
ing the simple, non-displaced fractures from the cohort. Therefore,
the severity of elbow trauma in these patients is probably greater
than in those with simple radiographic images. Furthermore, the
two groups were not perfectly comparable when it came to associ-
ated fractures and fragment type. The group with surgery presented
Quick DASH, PREE and pain scale results were worse than those
reported by the literature. Finally, the supination and pronation
data were not available for the entire cohort. These considerations

Surgical treatment group (n = 17) p value (Student t-test)

163.29 0.010
3.44 0.071
4.06 0.229
10.59 0.301
14.65 0.136
8.93 0.101
18.1 0.809
29.2 0.705
86.2 0.642
3.6 0.723

nd injured side. Quick DASH: Quick Disability of the arm, shoulder and hand; PREE:
d significant p values.

With associated injuries (n = 30) p value (Student t-test)

136.03 0.465
2.39 0.381
2.77 0.414
11.17 0.004
13.93 0.002
7.49 0.220
17.4 0.105
23.7 0.171
89.5 0.108
3.0 0.104

nd injured side Quick DASH: Quick Disability of the arm, shoulder and hand. PREE:
d significant p values.
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Table  5
Impact of fracture localization.

SZ only (n = 2) PRUJ only (n = 3) p value (Student t-test)

Angle of fracture (◦) 67.50 95.33 0.162
Fracture step-off (mm) 2.40 0.67 0.086
Loss  of flexion (◦) 3.00 3.67 0.442
Loss  of extension (◦) 0 9.33 0.186
Loss  of total ROM (◦) 3.00 13.00 0.208
Variation of RCR (%) 7.32 5.44 0.299
Quick DASH 11.00 16.33 0.207
PREE 1.00 30.33 0.234
MEPS 100 85 0.136
Pain  scale 0 3 0.212

The flexion, extension, total ROM and RCR factors report the difference between the uninjured and injured side Quick DASH: Quick Disability of the arm, shoulder and hand.
PREE:  patient-rated elbow evaluation; PRUJ: proximal radio ulnar joint; SZ: safe zone.

Table 6
Impact of heterotopic ossification.

With HO (n = 7) Without HO (n = 36) p value (Student t-test)

Angle of fracture (◦) 130.14 137.78 0.374
Fracture step-off (mm) 1.07 2.73 0.076
Loss  of flexion (◦) 9.00 1.39 0.001
Loss  of extension (◦) 11.00 8.22 0.247
Loss  of total ROM (◦) 20.00 9.61 0.016
Variation of RCR (%) 7.97 7.09 0.363
Quick DASH 17.43 18.72 0.358
PREE 35.57 25.14 0.220
MEPS 90.00 87.08 0.327
Pain  scale 3.00 3.47 0.346
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he flexion, extension, total ROM, and RCR report the difference between the uninju
atient-rated elbow evaluation; PRUJ: proximal radio ulnar joint; HO: heterotopic o

ake it more difficult to conclude on the value of partial radial
racture treatment.

. Conclusion

The findings in this study should encourage surgeons to be
indful of the presence of associated injuries when deciding on

reatment for partial radial head fractures. Following the applica-
ion of our treatment algorithm, there was no significant difference
etween treatment modalities. However, patients with associated

njuries had a significant loss of extension and total elbow ROM,
hich were both correlated with worse functional outcome scores.

herefore, definitive treatment choice should consider all related
njuries and specifically address them to favor early mobilization
nd potentially prevent worse outcomes.
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