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1. Introduction

The upper extremity experiences distal radius fractures as its 
most prevalent skeletal injury which occurs in one-sixth of all frac-
ture cases.¹ The treatment process becomes more complex because 
intra-articular injuries make up 60% of all cases.¹ The incidence of 
these fractures grows because osteoporotic bone structure becomes 
more common in elderly people which threatens to create perma-
nent wrist function damage.² Although methods such as volar lock 
plates (VLP) and external fixation (EF) are widely used today, there 
is still debate about which method is superior.³ 

Although the current literature states that volar plates offer bet-
ter functional outcomes and reduce pain faster in the early period,⁴ 
the advantage of external fixation to preserve soft tissue, especially 
in cases with severe intra-articular fragmentation, cannot be ig-
nored. However, there is still no clear consensus among studies on 
the long-term clinical outcomes and complication rates of external 
fixation; as a matter of fact, current meta-analyses show that the 
methods do not provide a clear superiority over each other in dif-
ferent fracture types (intra-articular or extra-articular).⁵ In particu-

lar, up-to-date data are needed on the effectiveness of uniplanar ra-
diocarpal external fixation applied together with closed reduction 
in preserving the anatomical integrity of the joint surface and its 
contribution to patient quality of life.⁶ 

2. Materials and Methods

Study Population and Sample 

This retrospective study was conducted between January 2021
and December 2022 in our clinic. Patients over 18 years of age who 
were diagnosed with acute intra-articular distal radius fracture and 
treated with closed reduction and external fixator were included in 
the study. Open fractures, patients who had previously undergone 
surgical intervention on the same wrist, patients with systemic dis-
eases that adversely affected bone quality, those who were dis-
missed from follow-up, and patients with missing file data were ex-
cluded from the study. In line with these criteria, 68 patients were 
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evaluated and 53 patients were included in the study, 15 of whom 
were excluded for various reasons. 

Data Collection and Evaluation Methods 

Age, gender, affected side, dominant hand involvement, mecha-
nism of injury, and presence of concomitant ulna styloid fracture 
were recorded from the patient files. In addition, the time from in-
jury to surgery, operative time, external fixator application time, fix-
ator removal time, and radiological union time were also obtained 
from the files. The fractures were grouped according to AO/OTA 
classification as types C1, C2, and C3. Standard anteroposterior and 
lateral wrist radiographs were used for radiological evaluation. Ra-
dial inclination, volar tilt, radial height, ulnar variance, and articular 
step-off (mm) measurements were performed preoperatively, early 
postoperatively, and at the final follow-up. Range of motion meas-
urements were evaluated with goniometer in the directions of flex-
ion, extension, pronation, supination, radial and ulnar deviation. 
Grip strength was compared with the Jamar hand dynamometer, 
measured on both the affected and intact sides. 

Surgical Technique and Follow-up Protocol 

All patients underwent closed reduction under local or regional 
anesthesia. The quality of reduction was checked by C-arm fluoros-
copy. The reduction aimed to restore radial inclination, volar tilt, 
and ulnar variance to near-anatomical values. Then, a uniplanar ra-
diocarpal external fixator was placed. Two 3.0 mm Schanz pins were 
inserted into the second metacarpal shaft and two into the distal ra-
dial diaphysis. No additional Kirschner wires were used. During the 
external fixation period, patients were instructed to perform active 
finger flexion–extension and shoulder range-of-motion exercises. 
After fixator removal, a structured rehabilitation program including 
progressive wrist range-of-motion and grip-strengthening exer-
cises was initiated. The patients were followed up at regular inter-
vals at 2 weeks, 6 weeks, 3 months, 6 months, 12 months, and then 
postoperatively. The mean follow-up period was 16 months. Clinical 
examination and radiological evaluation were performed at each 
visit. Pain was assessed using the visual analog scale (VAS) on a 
scale of 0 to 10. DASH scoring and grip strength measurement were 
started from the 6th week onwards, considering that reliable evalu-
ation could not be made in the presence of external fixators. Fixator 
removal was performed after radiological union was achieved. 

Outcome Criteria 

Functional outcomes were classified as very good, good, fair and 
poor by modified Gartland-Werley scoring. Radiological results 
were graded similarly using Sarmiento criteria. Complications were 
recorded under the headings of pinsite infection, complex regional 
pain syndrome, distal radioulnar joint pain, tendon irritation, ebur-
nation, transient sensory impairment, and nail tip tenderness. Con-
sidering that some patients may develop more than one complica-
tion, both the total number of complications and the number of pa-
tients with complications were calculated separately. Treatment ap-
proaches for developing complications were also noted. 

Statistical Analysis 

The data were analyzed with SPSS 25.0 software. Continuous 
variables were presented as mean (SD). Compliance with normal 
distribution was evaluated with the Shapiro-Wilk test. Preoperative 
and postoperative radiological measurements and range of motion 
of the affected and healthy sides were compared with paired t-test. 
The change in VAS score over time was examined at seven time 
points, and the change in DASH score and grip strength was exam-
ined at five time points by repeated-measures ANOVA. Sphericity 
was assessed using Mauchly's test, and Greenhouse–Geisser correc-
tion was applied when the assumption was violated. Bonferroni ad-
justment was used for pairwise comparisons. Categorical variables 
were expressed as n and percentages. Chi-square test was used to 
compare the results according to the AO classification. The relation-
ship between functional and radiological outcomes was evaluated 

by Spearman correlation analysis. P value below 0.05 was consid-
ered statistically significant in all tests. 

Ethical Approval 

This study was approved by the Ethics Committee. The research 
followed all principles which the Declaration of Helsinki establishes. 
Due to the retrospective design, individual patient consent was not 
required, but patient data was processed anonymously in accord-
ance with the principle of confidentiality. 

 

3. Results 
 

Demographic and Clinical Characteristics 

A total of 53 patients were included in our study. The mean age 
of the patients was calculated as 48.6 years. Female patients consti-
tuted the majority and represented approximately two-thirds of all 
cases. Right-sided involvement was more common than left-sided. 
In just over half of the patients, the dominant hand was affected. 
When the mechanism of injury was examined, it was noted that low-
energy traumas were significantly prominent. A styloid fracture of 
the ulna accompanied about two-fifths of the patients. In terms of 
fracture classification, AO type C2 fractures were determined as the 
most common type. This was followed by types C1 and C3, respec-
tively. Initially, 68 patients were evaluated for the study, but 15 pa-
tients were excluded from the study due to reasons such as open 
fracture, previous wrist surgery, systemic disease, loss of follow-up 
and missing data (Table 1). 
 

 

 
Demographic and Clinical Characteristics of Patients 

 

Parameters Value 

Age (years), Mean ± SD 48.6 ± 12.4 
Gender, n (%) 

 

Male 19 (35.8%) 
Female 34 (64.2%) 
Affected side, n (%) 

 

Right 31 (58.5%) 
Left 22 (41.5%) 
Dominant hand involvement, n (%) 28 (52.8%) 
Mechanism of injury, n (%) 

 

Low-energy trauma 38 (71.7%) 
High-energy trauma 15 (28.3%) 
Concomitant ulna styloid fracture, n (%) 21 (39.6%) 
AO/OTA fracture classification, n (%) 

 

Type C1 (simple articular, metaphyseal simple) 18 (34.0%) 
Type C2 (simple articular, metaphyseal seg-
mented) 

24 (45.3%) 

Type C3 (segmented articular) 11 (20.8%) 
Patient flow 

 

Assessed for eligibility 68 
Excluded (open fracture/previous sur-
gery/systemic disease/loss of follow-up/miss-
ing data) 

15 
(4/3/3/3/2) 

Included in the study 53 
SD: standard deviation; AO/OTA: Arbeitsgemeinschaft für Osteosynthesefra-
gen/Orthopaedic Trauma Association. Continuous variables are presented as 
Mean ± SD, categorical variables as n (%). 

 
 

Radiological Findings 

When preoperative and postoperative radiological parameters 
were compared, significant improvement was found in all measure-
ments. While the radial inclination angle was very low preopera-
tively, it reached near-normal levels after surgery. This value was 

Table 1 
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preserved at the final follow-up. A similar improvement was ob-
served in the volar tilt angle. While dorsal angulation was present 
preoperatively, positive values were reached after surgery. Signifi-
cant improvements were also obtained in radial height and ulnar 
variance parameters. The amount of articular step-off was above ac-
ceptable limits preoperatively and significantly decreased postop-
eratively. All these changes were found to be statistically significant 
(Table 2). 
 

 

 
Preoperative, Postoperative and Final Follow-up Values of Radio-
logical Parameters 

 

Parameters Preoperative Postoperative 
Final 

Follow-
up 

p* 

Radial incli-
nation (°) 

12.4 ± 5.8 21.6 ± 3.2 
20.8 ± 

3.5 
<0.001 

Volar tilt (°) -8.6 ± 7.2 9.4 ± 4.1 8.2 ± 4.6 <0.001 

Radial 
height (mm) 

6.8 ± 2.4 11.2 ± 1.8 
10.6 ± 

2.1 
<0.001 

Ulnar vari-
ance (mm) 

+4.2 ± 2.1 +0.8 ± 1.2 
+1.2 ± 

1.4 
<0.001 

Articular 
step (mm) 

3.4 ± 1.6 0.8 ± 0.6 1.0 ± 0.7 <0.001 

The data are presented as Mean ± SD. *Paired t-test was applied between pre-
operative and final follow-up values. Normal values: Radial inclination 22–27°, 
Volar tilt 11–15°, Radial height 11–13 mm, Ulnar variance −2 to +2 mm. 

 
 

 
Treatment Process and Range of Motion Values (n=53) 

 

Parameters Value 

Treatment Process 
 

Time from injury to surgery 
(days) 

2.4 ± 1.6 

Duration of operation (min) 42.6 ± 12.4 
External fixator duration 
(weeks) 

7.5 ± 0.8 

Time to remove the fixator 
(weeks) 

7.8 ± 0.9 

Radiological union time 
(weeks) 

8.2 ± 1.4 

Follow-up period (months) 16.4 ± 2.8 (12–24) 
Range of Motion – Final 
Follow-Up 

Affected / Intact (% intact) 

Flexion (°) 62.4 ± 8.6 / 74.2 ± 6.8 (84.1%)* 
Extension (°) 58.6 ± 7.4 / 68.4 ± 5.2 (85.7%)* 
Pronation (°) 72.8 ± 6.2 / 78.6 ± 4.8 (92.6%)* 
Supination (°) 74.2 ± 7.8 / 82.4 ± 5.4 (90.0%)* 
Radial deviation (°) 18.4 ± 4.2 / 22.6 ± 3.8 (81.4%)* 
Ulnar deviation (°) 28.6 ± 5.4 / 34.2 ± 4.6 (83.6%)* 

Data are presented as Mean ± SD. *Paired t-test between affected and healthy 
side p<0.05. min: minutes. 

 
 

Treatment Process and Range of Motion 

The average time between injury and surgery was about two and 
a half days. The operation time was recorded as approximately 43 
minutes. The external fixator was administered for a mean of seven 
and a half weeks. The radiological union occurred around eight 
weeks. The patients were followed for a mean of 16 months. When 

the range of motion was evaluated at the final follow-up, it was seen 
that approximately 85 percent improvement was achieved in flex-
ion and extension movements compared to the intact side. This rate 
exceeded 90 percent in pronation and supination movements. In ra-
dial and ulnar deviation angles, approximately 82 percent of the in-
tact side was reached. The differences between the affected and in-
tact side were statistically significant (Table 3). 

Pain, Functional Scores, and Grip Strength 

The level of pain decreased significantly over time. The VAS 
score, which was high at baseline, gradually decreased during fol-
low-up and decreased to a minimum level at the final follow-up. The 
DASH score followed a similar pattern. The disability score, which 
was quite high at Week 6, decreased to low values at Month 16. Pos-
itive results were also obtained in terms of grip strength. Grip 
strength, which was less than a third of the intact side at Week 6, 
reached 94 percent at the final follow-up. Changes in all parameters 
over time were statistically significant (Table 4). 
 

 

 
Change in VAS, DASH Scores, and Grip Strength Over Time 

 

Time 
VAS 

Score  
(0–10) 

DASH 
Score 

(0–100) 

Grip 
Strength 

(kg) 

Grip strength 
(% of intact 

side) 

Baseline 
7.2 ± 
1.4 

– – – 

Week 2 
5.4 ± 
1.2 

– – – 

Week 6 
4.2 ± 
1.2 

48.6 ± 
12.4 

12.4 ± 4.2 38.5% 

Month 3 
3.0 ± 
1.0 

32.4 ± 
10.2 

18.6 ± 5.4 57.8% 

Month 6 
2.4 ± 
0.8 

22.8 ± 
8.6 

24.2 ± 6.8 75.2% 

Month 12 
1.8 ± 
0.6 

14.6 ± 
6.4 

28.4 ± 7.2 88.2% 

Final follow-
up (Month 
16) 

1.5 ± 
0.5 

12.2 ± 
5.8 

30.2 ± 6.8 93.8% 

p-value* <0.001 <0.001 <0.001 – 
VAS: Visual Analog Scale (0=no pain, 10=most severe pain); DASH: Disabilities 
of the Arm, Shoulder and Hand (0=no disability, 100=most severe disability). 
The data are presented as Mean ± SD. *Repeated-measures ANOVA were 
applied. Mean grip strength on the intact side: 32.2 ± 7.4 kg. 

 
 

 
Functional and Radiological Outcomes 

 

Result Category 
Functional 

Resultᵃ n (%) 
Radiological 

Resultᵇ n (%) 

Excellent 11 (20.8%) 6 (11.3%) 
Good 18 (34.0%) 28 (52.8%) 
Fair 17 (32.1%) 14 (26.4%) 
Poor 7 (13.2%) 5 (9.4%) 
Total 53 (100%) 53 (100%) 
Good and above result rate 29 (54.7%) 34 (64.2%) 
Functional–Radiological Correlationᶜ r = 0.68, p < 0.001 

ᵃ Modified Gartland–Werley scoring (Excellent: 0–2, Good: 3–8, Fair: 9–20, 
Poor: ≥21 points). ᵇ Sarmiento radiological criteria (according to radial 
shortening and angulation degree). ᶜ Spearman correlation analysis; a 
moderate-to-strong positive correlation was found between radiological and 
functional outcomes. 
 

Table 2 

Table 3 

Table 4 

Table 5 
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Functional and Radiological Results 

When functional outcomes were evaluated according to the 
modified Gartland-Werley criteria, very good results were obtained 
in one-fifth of the patients. The rate of good results exceeded one 
third. Moderate outcome was seen at a similar rate. Poor results 
were detected in approximately one-seventh of the patients. The 
overall rate of good and very good results was just over half. In the 
evaluation made according to the Sarmiento radiological criteria, 
the results were slightly better. The rate of good and very good re-
sults exceeded two-thirds. There was a statistically significant posi-
tive correlation between functional and radiological outcomes (Ta-
ble 5). 

Complications 

The most common complication was pinsite infection and oc-
curred in about one-tenth of patients. The vast majority of these in-
fections responded to oral antibiotic therapy. Complex regional pain 
syndrome and distal radioulnar joint pain were other equally im-
portant complications. Tendon irritation, eburnation and transient 
sensory impairment were found at lower rates. Nail tip tenderness 
was the rarest complication. A total of 21 complications occurred in 
16 patients (30.2%). This proportion corresponded to approxi-
mately one-third of all patients (Figure 1). 

 
Distribution and management of complications after external 
fixation 

Number and percentage of each complication and corresponding treatment; 
CRPS = Complex Regional Pain Syndrome, IV = intravenous. 

Evaluation of Results by Fracture Type 

When the results were examined according to the AO classifica-
tion, a significant relationship was noted between fracture complex-
ity and results. The rate of functionally good and very good out-
comes in type C1 fractures approached three quarters. Radiologi-
cally, this rate was even higher. In type C2 fractures, both parame-
ters were slightly above half. In type C3 fractures, the results dete-
riorated significantly. In this group, the rate of good and above func-
tional outcomes fell below one in four. The relationship between 
fracture type and functional and radiological outcomes was found 
to be statistically significant. Complication rates also differed ac-
cording to the type of fracture. The complication rate in type C3 frac-
tures was approximately twice that of type C1 fractures, but this dif-
ference did not reach statistical significance (Figure 2). 

 
Outcomes and complication rates by AO fracture type 

Functional and radiological good/excellent outcomes and complication rates 
across AO/OTA C1–C3 fracture types; AO = Arbeitsgemeinschaft für 
Osteosynthesefragen, OTA = Orthopaedics Trauma Association. 

4. Discussion

In this study, the clinical and radiological outcomes of closed re-
duction and uniplanar external fixator application in the treatment 
of intra-articular distal radius fractures were evaluated. The find-
ings revealed that this treatment method provided significant im-
provement in radiological parameters and acceptable functional re-
sults were achieved in the majority of patients. The research find-
ings showed that patients achieved substantial pain and disability 
symptom reduction while their grip strength improved steadily 
from start to finish of the observation period. However, it was de-
termined as a remarkable finding that the results were negatively 
affected as the complexity level of the fracture increased. 

In our study, ligamentotaxis resulted in significant improvement 
in all radiological parameters. Our volar tilt value (8.2°) reached at 
the final follow-up was very close to the 9.6° ± 2.2° value reported 
by Hassan et al. with Ilizarov ligamentotaxis.⁷ Although the anatom-
ical limits of 11-15° were not fully reached in both studies, dorsal 
angulation was successfully corrected. Our ulnar variance de-
creased from +4.2 mm to +1.2 mm. The normal value determined by 
İsmailoğlu et al. in the Anatolian population is -2.0 ± 2.2 mm.⁸ Alt-
hough this comparison shows that complete anatomical restoration 
could not be achieved in our patients, the improvement achieved is 
within acceptable limits in terms of distal radioulnar joint compati-
bility. 

The study showed that the volar tilt decreased by 1.2° and the 
radial height decreased by 0.6 mm throughout the follow-up period. 
These minor changes do not indicate clinically meaningful loss. Jen-
sen et al. showed that a 10° rotation of the forearm could produce a 
difference of about 3° in volar tilt measurement.⁹ Therefore, our 
losses may be due to positional differences during measurement. 
The research by Mittal et al. presents findings which differ from the 
previous study and emphasized that the success of closed reduction 
and ligamentotaxis methods depends on maintaining a stable reduc-
tion.¹⁰ The fact that 64.2% of the radiologic results were obtained in 
our study supports that ligamentotaxis is an effective method for 
anatomical restoration in intra-articular fractures. 

In our study, the DASH score decreased from 48.6 at Week 6 to 
12.2 at the final follow-up. This value is in line with the year 1 Quick-
DASH average of 9.8 reported by Ingall et al.¹¹ The most significant 
improvement occurred between Week 6 and Month 3; this period 

Figure 1 

Figure 2 
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coincided with the beginning of fixator removal and active rehabili-
tation. Ingall et al. also showed that 82% of the recovery was com-
pleted in the first 3-6 months.¹¹ In the multicenter study of 
Ludvigsen et al., the QuickDASH score of the external fixation group 
was reported as 43 at Week 6, but the gap with the volar plate was 
closed at 1 year.¹² A similar pattern was observed in our series. 

Grip strength reached 93.8% of the intact side at the final follow-
up. Ludvigsen et al. reported that grip strength equalized at 1 year 
in both surgical methods.¹² The meta-analysis by Maccagnano et al. 
also supports that there is no functional difference between tech-
niques in the long run.¹³ The range of motion assessment revealed 
that patients achieved better results with their rotational move-
ments which reached 90-92% compared to their sagittal plane 
movements which reached 84-85%. Norton et al. described how 
healthcare providers can monitor complete recovery by using ROM 
assessment in combination with grip strength measurement and 
DASH evaluation.¹⁴ The research results indicate that external fixa-
tion leads to acceptable functional results which patients can main-
tain during extended periods. 

In our study, the rate of functional good and above results was 
54.7% according to Gartland-Werley, while the radiological good 
and above results were determined as 64.2% according to Sar-
miento criteria. This difference of approximately 10% is remarka-
ble. Salama et al. reported a strong positive correlation between ra-
diological and functional scores in the intra-articular fractures they 
treated with ligamentotaxis.¹⁵ In our series, a moderate-to-strong 
relationship was found at the level of r=0.68. However, this correla-
tion shows that only 46% of functional outcomes can be explained 
by radiological parameters. 

İpek et al. reported good and excellent functional outcomes in 
over 80% of patients treated with a volar plate.¹⁶ The fact that this 
rate remained lower in our external fixation series may reflect the 
difference between methods. Lee et al. demonstrated that DASH 
scores depend on the degree of joint surface millimeter mismatch.¹⁷ 
The study indicates that micro-irregularities that radiography fails 
to detect may result in decreased functional ability. The research by 
Diepold et al. reported that function could be preserved in patients 
over 70 years of age despite the development of radiological malu-
nion.¹⁸ The study shows that radiological–functional mismatch ex-
ists as a bidirectional phenomenon. 

The overall complication rate in our series was 30.2%. The most 
common problem was pin-site infection with 11.3%. In the system-
atic review of Cruciani et al., the infection rate in external fixation 
was reported as 13.9%, and the majority of these infections con-
sisted of pin-site infections.¹⁹ Our rate is slightly below this value. 
An important point is that 5 out of 6 infections were controlled with 
oral antibiotics. Arveladze et al. also emphasized that pin-site infec-
tions can often be successfully treated with oral antibiotics.²⁰ This 
shows that most of the infections that develop are superficial. 

Our CRPS rate was determined as 7.5%. Halvachizadeh et al. fol-
lowed CRPS after distal radius surgery and reported that complica-
tion rates ranged from 5.4% to 12.2% in different groups.²¹ Our rate 
fits within this range. When evaluated according to the AO classifi-
cation, the functional good outcome was 72.2% in C1 fractures and 
decreased to 27.3% in C3 (p=0.042). Hjelle et al. reported that frac-
ture complexity cannot be explained only by bone quality, and that 
trauma energy is also decisive.²² The fact that the difference in com-
plication rates did not reach statistical significance (p=0.284) is 
probably due to the insufficient number of patients in the C3 group. 

The most important limitation of this study is its retrospective 
design and the absence of a control group; this makes it impossible 
to directly compare external fixation with other treatment modali-
ties. The study results might not apply to all cases because the re-
search was conducted at a single location with a small number of 

participants. The study demonstrates two major advantages 
through its practice of monitoring patients continuously while per-
forming complete assessments of imaging results and operational 
measurements. The selection of treatment options will become 
clearer through prospective studies which compare volar locking 
plates to other alternatives while studying more patients. 

 
 

5. Conclusions 
 
The treatment of intra-articular distal radius fractures consists 

of closed reduction which leads to uniplanar external fixator appli-
cation because this method delivers dependable and successful out-
comes. With this method, radiological correction can be achieved, 
satisfactory functional improvement is achieved in most patients, 
and pain levels decrease significantly over time. The success of 
treatment depends on the complexity of fractures but external fixa-
tion works as an effective treatment for particular patients who re-
quire intra-articular fragmentation repair through proper selection 
of patients and close medical monitoring. 
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