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Abstract. Background and aim: To date, different technique of corrective osteotomy for the treatment of 
distal radius extra-articular malunions are described. With this study, we present a case series of corrective 
osteotomy using volar plate fixation to treat volar and dorsal extra-articular malunions aiming to evaluate the 
effectiveness of corrective osteotomies through volar plate stabilization in these two types of extra-articular 
malunions. Methods: Between August 2008 and May 2017 all patients diagnosed with extra-articular malun-
ion were included in the study. An extended volar Orbay approach and two types of dedicated volar locking 
plate (Medartis AG, Switzerland and Acumed, Hillsboro,OR) were used. Clinical and radiological param-
eters were evaluated. The DASH and PRWE scores and the VAS scale questionnaires were administered. The 
results were analyzed through statistical evaluations. Results: A retrospective analysis of 19 patients diagnosed 
with extra-articular malunion was carried out. Nine had a volar type deformity (group A), while the other 
10 had a dorsal type deformity (group B). The active range of motion (aROM), radiographic parameters, 
grip strength and pinches in both groups were statistically improved, except for radial deviation in both 
groups, ulnar deviation in group A, and radial inclination in group B. The grip strength and pinches values 
were slightly better in group A. DASH, PRWE scores and VAS scale showed a significant improvement. 
 Conclusion:  Corrective osteotomy through volar fixation is an effective technique to treat both extra-articular 
dorsally and volarly angulated malunions. Statistically significant benefits are present in both types of de-
formities, with better outcomes in the group of volar deformities. (www.actabiomedica.it)
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Introduction

Fractures of the distal radius represents a com-
mon injury, constituting about 8-17% of all fractures 
of the extremities (1). A frequent complication of dis-
tal radius fractures is the malunion: it appears with 
a recurrence of about 23% of distal radius fractures 

poorly healed after conservative treatment, and about 
11% of cases treated after surgery. They can be clas-
sified as intra-articular, extra-articular, combined pat-
terns, dorsally and volarly displaced (2,3).

Regarding the surgical treatment of extra-articular 
malunions, in the past the surgeons preferred a cor-
rective dorsal osteotomy and fixation with dorsal plate 
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in malunions with dorsal or volar deformities (4,5,6). 
Later, they were more in favour of using a corrective 
osteotomy and perform a stabilisation with volar lock-
ing plate (7,8).

Regarding the use of bone graft, its real advantage 
of the graft has been questioned (9,10).

The aim of this study is to evaluate, at long-term 
follow-up, the outcomes of corrective osteotomy us-
ing a volar locking plate fixation in both dorsal and 
volar extra-articular malunions. Further purpose is to 
investigate whether better clinical-radiographic results 
of corrective volar osteotomy were obtained in volar 
or dorsal malunions. Moreover, we want to evaluate 
whether the bone grafting significantly contributed 
to the improvement of results in these two types of 
deformities.

Materials and methods

Between August 2008 and May 2017, all 
 patients with extra-articular malunions of distal ra-
dius (type 23-A according to the AO/OTA classifi-
cation) were included in the study. All the patients 
were treated with a volar corrective osteotomy and 
volar locking plate at Microsurgery and Hand Surgery 
 Department of the ASST Settelaghi (Varese, Italy) by 
an experienced hand surgeon (A.F.) (11).

Inclusion criteria were patients with extra-articular 
malunited fractures treated conservatively at the time 
of trauma, who could participate fully in the study and 
with at least 1 years of follow-up. Among the inclu-
sion criteria, the patients involved in the trial did not 

have to suffer from other types of injuries or fractures 
to the upper extremities, neither from neuromuscular 
diseases.

Surgical indications were functional impairment 
during normal daily activities, wrist pain and anatomi-
cal deformities, radiographic parameters of malunited 
fractures (12,13). Exclusion criteria were patients with 
partial intra-articular fracture (AO type B), complete 
intra-articular fractures (AO type C), and those who 
initially treated the fractures with surgery.

An extended volar Orbay approach (14) and two 
types of dedicated volar locking plate (Medartis AG, 
Switzerland and Acumed, Hillsboro, OR) were used in 
our cases. The Acumed plates were used in our hospi-
tal from 2006 to 2013, while the Medartis plates were 
used from 2014 to 2017. Depending on the surgeon’s 
preference, a distraction-type or a hinge-type osteot-
omy was performed (15,16). In case of distraction-type 
osteotomy, an autogenous corticocancellous iliac crest 
(ACIC) bone graft was always applied to fill the gap. 
In hinge-type osteotomy, a dorsal cortical contact was 
kept in cases of volar deformity (Fig.1), while a volar 
cortical contact was retained in dorsal deformity, so 
always performing an open wedge osteotomy without 
use of bone graft (17).

In case of volar malunion, two K-wires were used, 
one proximal and one distal to the osteotomy site, to 
determine the correction angle. Moreover, they were 
also used as joysticks to correct the misalignment 
angle. The goal was to make the K-wires parallel to 
each other. A lamina spreader was used to achieve the 
 correct alignment of the distal radius on sagittal and 
coronal planes.

Fig. 1. (A-C) Images of intraoperative correction of a dorsal malunion and its fixation with a volar locking plate.
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Regarding the surgical technique for dorsal 
 deformities, the distal part of the plate was temporar-
ily fixed to the distal radius and the obtained angle be-
tween the proximal part of the plate and the shaft of 
the radius indicated the misalignment to be corrected. 
An osteotomy with an oscillating saw was performed 
parallel to articular surface of the distal radius.

A correction check with the plate temporarily 
fixed to the radius by an image intensifier was per-
formed in all cases. Finally, a definitive volar fixation 
of the plate was carried out (18).

In addition, three patients had DRUJ instability 
at the level of the ulna head, which was confirmed in-
traoperatively. Therefore, an open lateral approach ac-
cording to Nakamura, centered on the ulnar styloid, 
was performed and the injured TFCC was repaired 
with an anchor suture fixed at the foveal insertion 
(19,20).

A short cast was used in all patients for a period 
of 2 to 4 weeks, depending on the surgeon’s preference. 
Then all patients underwent a variable rehabilitation 
protocol.

The clinical parameters evaluated were preop-
erative and postoperative range of motion (flexion, 
extension, ulnar and radial deviation, supination, 
and pronation). Preoperative and postoperative 
grip strength tests were measured by Jamar hand dy-
namometer set to position 2, with elbow at 90° of flex-
ion and forearm in neutral position, while preoperative 
and postoperative key and pulp pinches were meas-
ured with a pinch gauge (21). Assessment of range of 
motion (ROM) and strength values between the in-
jured and uninjured side were performed. Each patient 
underwent the Disability of the Arm, Shoulder and 
Hand (DASH) score, Patient-Rated Wrist Evaluation 
(PRWE) score at 2-months follow-up and at the last 
outpatient clinic. Moreover, patients indicated own 
preoperative and postoperative pain using the Visual 
Analogue Scale (VAS).

Patients were evaluated before and after sur-
gery with X-rays of the injured wrist in 2 projections 
(AP and true lateral view), considering the follow-
ing parameters: volar tilt, radial inclination and ulnar 
variance.

At one month, at three months, at 6 months, 
at one year after surgery, and about every 3 months 

thereafter, clinical and radiographic evaluations were 
carried out to assess the general status of the patient 
and the presence of possible complications such as de-
vice failure, delayed union, nonunion, infections.

Bone healing was defined radiographically as the 
presence of bone neoformation at the osteotomy site 
and clinically as the absence of wrist pain at rest and 
functional use. If this was not present after 8 weeks, a 
delayed union was diagnosed (22,23).

Patients were divided into 2 groups: one grouped 
malunions with volar deformity (Group A), the other 
included malunions with dorsal deformity (Group B). 
Finally, we analyzed the use or non-use of ACIC bone 
graft within the same group.

Statistical analysis

All data were statistically analyzed by two authors 
(A.D.M. and M.M.) and were compared within the 
same group and between the two groups before and 
after corrective osteotomy. Negative values of volar 
tilt pointed to a dorsal deformity on the sagittal plane, 
while negative values of ulnar variance pointed out 
that the distal ulna was shorter than distal radius.

The Paired Student t test was used to assess clini-
cal and radiographic variables in the study, while the 
Mann-Whitney U test was used for nonparametric 
variables as VAS, DASH and PRWE score. P-values < 
0.05 were considered statistically significant and were 
reported as two-tailed.

Results

Nineteen patients, out of 26 patients, surgically 
treated for extra-articular malunion of the distal ra-
dius, were included in our study. The average follow-up 
of the study was 63.4 months (range, 22-119 months) 
and the mean time to surgery was 31.2 weeks (range, 
4-172 weeks). All fractures were initially treated 
conservatively with a long cast above the elbow for 
4 weeks.

Eight patients were men (42.1%), 11 were female 
(57.9 %), and the mean age at the time of the diagnosed 
malunion was 50 years (range, 16-72 years). Eleven pa-
tients (57.9%) had damaged their dominant hand.
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In the volar deformity group, patients reported 
reduced pain through VAS testing (*p-value = 0.017). 
The final DASH and PRWE score significantly de-
creased compared to 2 months postoperatively. Signif-
icant increase in ROM were reported, except for the 
radial deviation (*p-value = 0.095) and ulnar deviation 
(*p-value = 0.129). Nevertheless, the latter two both 
increased in mean postoperative values and a signifi-
cant improvement comparing them with uninjured 
contralateral values was carried out. Except for flexion 
and extension, postoperative pronation and supina-
tion also showed a significant improvement compared 
to ROM values of the contralateral wrist (^p-value 
= 0.356 and ^p-value = 0.082, respectively). Postop-
erative grip strength, key and pulp pinches increased 
significantly, and they were not statistically less in 
comparison of the contralateral side values. The radio-
graphic parameters showed a statistically significant 
difference improvement, with an average volar tilt of 

Six patients (31.6%) performed heavy labour 
before the fracture, while the remaining 13 patients 
(68.4%) had a desk job.

Twelve injuries were classified as “mature” mal-
unions (63.2%) and 7 patients presented a “nascent” 
 malunion (36.8%), according to the Ring’s definition (9).  
Table 1 summarizes the main data of each patient.

Ten malunions (52.6%) had a dorsal deformity 
and the remaining 9 malunions (47.4%) had a volar 
deformity. Among these, 6 dorsally angulated (60%) 
and 4 volarly angulated malunions (44.4%) were 
treated with a hinge-type osteotomy and then with 
ACIC bone graft.

The clinical and radiographic preoperative and 
postoperative mean values, the preoperative and post-
operative mean values of VAS and finally the mean val-
ues of DASH and PRWE score at 2-months follow-up 
and at the last clinical examination are reported in 
 Table 2, with the range of each value in parentheses.

Table 1. Demographics.

Patient Age Gender
Side/ 
Dominant

Time to 
surgery 
(weeks)

Nascent 
or mature 
malunion

Volar or 
dorsal 
deformity Bone Graft

Follow-up 
(months) Occupation

 1 54 F R/R 4 Nascent Dorsal No 45 Heavy labour

 2 66 F R/R 4 Nascent Volar Yes 65 Desk Office

 3 51 M L/R 6 Nascent Dorsal No 38 Heavy labour

 4 28 F L/R 48 Mature Dorsal Yes 54 Desk Office

 5 53 M L/R 4 Nascent Volar No 22 Heavy labour

 6 16 M L/R 156 Mature Dorsal Yes 66 Desk Office

 7 63 F R/R 4 Nascent Dorsal No 45 Desk Office

 8 34 M R/R 20 Mature Volar Yes 48 Heavy labour

 9 67 F R/R 30 Mature Dorsal Yes 45 Desk Office

10 37 M R/R 172 Mature Volar Yes 51 Desk Office

11 70 F R/R 8 Mature Dorsal Yes 49 Desk Office

12 45 F R/L 40 Mature Volar Yes 59 Heavy labour

13 72 F L/R 4 Nascent Dorsal Yes 58 Desk Office

14 55 M L/R 10 Mature Volar No 72 Desk Office

15 50 F R/L 8 Mature Volar No 89 Heavy labour

16 29 F L/L 8 Mature Volar No 88 Desk Office

17 46 M R/R 12 Mature Volar No 98 Desk Office

18 43 F L/L 48 Mature Dorsal Yes 94 Desk Office

19 72 M R/R 6 Nascent Dorsal No 119 Desk Office

Average 50 - - 31,2 - - - 63,4 -
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Table 2. Preoperative and Postoperative Mean Results of Clinical-Radiographic Data, and VAS, DASH and PRWE Score Question-
naires. The Range of Each Result Is Shown in Parentheses. Values obtained with a statistically significant value are marked in bold.

CLINICAL DATA  (°) Volar deformity Group A Dorsal deformity Group B § p-value
Flexion Mean (range)

 Preop. 31.6 (0 - 44) 34.1 (21 - 50) 0.65
 Postop. 59.3 (10 - 75) 64.9 (53 - 78) 0.435

 *p-value 0.039 < 0.001
 Contralateral flexion 75.2 (60 - 90) 76.7 (64 - 90)

 ^p-values 0.048 0.004

Extension Mean (range)

 Preop. 40.7 (31 - 50) 39 (20 - 50) 0.636
 Postop. 59.2 (45 - 80) 57.9 (42 - 70) 0.785

 *p-value  < 0.001  < 0.001
 Contralateral extension 72.4 (60 - 90) 65.6 (49 - 80)

 ^p-values 0.019 0.096
Supination Mean (range)

 Preop. 56.1 (35 - 76) 41.7 (30 - 59) 0.015
 Postop. 85.3 (74 - 90) 83.3 (77 - 90) 0.442

 *p-value < 0.001  < 0.001
 Contralateral supination 89.2 (87 - 90) 88.8 (84 - 90)

 ^p-values 0.082 0.005

Pronation Mean (range)

 Preop. 38.9 (23 - 55) 36.6 (23 - 50) 0.598
 Postop. 86.7 (79 - 90) 85.1 (78 - 90) 0.516

 *p-value  < 0.001  < 0.001
 Contralateral pronation 88.4 (82 - 90) 88.6 (84 - 90)

 ^p-values 0.356 0.075
Radial deviation Mean (range)

 Preop. 7.7 (2 - 16) 9 (2 - 23) 0.616
 Postop. 12.6 (5 - 24) 15.5 (5 - 35) 0.375

 *p-value 0.095 0.055

 Contralateral radial deviation 17 (5 - 30) 19.8 (11 - 40)

 ^p-values 0.221 0.282
Ulnar deviation Mean (range)

 Preop. 23 (13 - 38) 19.6 (5 - 30) 0.443
 Postop. 31.8 (20 - 50) 30.3 (10 - 45) 0.791

 *p-value 0,129 0.027
 Contralateral ulnar deviation 38.8 (24 - 50) 37.5 (25 - 51)

 ^p-values 0.219 0.122

CLINICAL DATA  (Kg) Volar deformity Group A Dorsal deformity Group B § p-value
Grip strength Mean (range)

 Preop. 9.7 (1 - 18) 7.3 (2 - 12) 0.214
 Postop. 22.6 (2 - 35) 14.2 (8 - 20) 0.052

Table 2 (Contined)
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CLINICAL DATA  (Kg) Volar deformity Group A Dorsal deformity Group B § p-value
 *p-values 0.022 0.015
 Contralateral grip strength 28 (19 - 42) 19.3 (14 - 25)

 ^p-values 0.163 0.008

Key pinch Mean (range)

 Preop. 3.1 (2 - 4) 2.6 (1 - 5) 0.257
 Postop. 6.2 (4 - 9) 4.5 (1.5 - 7) 0.048
 *p-values  < 0.001 0.006
 Contralateral key pinch 7.6 (4 - 11) 5.6 (3.5 - 8)

 ^p-values 0.188 0.16
Pulp pinch Mean (range)

 Preop. 4.6 (3 - 7) 3.6 (2 - 5) 0.076
 Postop. 8.2 (4 - 11) 5.9 (4 - 8) 0.049
 *p-values 0.006 < 0.001
 Contralateral lateral pinch 9.5 (6 - 13) 7.2 (6 - 10)

 ^p-values 0.578 0.118
VAS Mean (range)

 Preop. 3.3 (1 - 6) 2.2 (1 - 4) 0.112
 Postop. 1.3 (0 - 4) 0.4 (0 - 2) 0.112

 *p-values 0.017 0.001
DASH score Mean (range)

 at 2-month follow-up 53.4 (22.5 - 71.2) 58.3 (29.9 - 76.5) 0.667
 last follow-up 20,7 (0 - 49.1) 18,4 (3.3 - 38.3) 0.741

 *p-values 0.02 0.009
PRWE score Mean (range)

 at 2-month follow-up 54.6 (35 - 77) 57 (39 - 71) 0.542
 last follow-up 10.6 (2 - 20) 10.6 (2 - 19) 0.968

 *p-values < 0.001 < 0.001

Radiographic parameters Volar deformity Group A Dorsal deformity Group B § p-value

Volar tilt (°) Mean (range)

 Preop. 15.6 (7 - 23) -15.3 (-23 ; -3)  < 0.001

 Postop. 11.6 (8 - 18) 9.7 (3 - 17) 0.246

 *p-values 0.042 < 0.001

Radial inclination (°) Mean (range)

 Preop. 15.7 (7 - 24) 13.7 (2 - 19) 0.582

 Postop. 20.8 (14 - 26) 17.4 (11 - 23) 0.086

 *p-values 0.03 0.265

Ulnar variance (mm) Mean (range)

 Preop. 2.9 (-4.6 ; +5.6) 2.1 (-3.7 ; +6) 0.699

 Postop. 0.2 (-3 ; +1.5) 0.4 (-2.4 ; +2.3) 0.837

 *p-values 0.038 0.019
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Regarding the comparison of the two groups, 
there was a significant improvement in key and pulp 
pinches in favour of the group A, while there were no 
other statistically significant differences in the remain-
ing evaluated parameters. Finally, regarding the bone 
graft factor, we found no significant influence, within 
the same group examined, in its use in comparison to 
cases that did not use bone graft.

We encountered three complications: two com-
plications in group A and one in group B. In the first 
group, an elderly patient with cardiovascular disease 
presented a deep vein thrombosis of the operated up-
per arm in the postoperative period. He was treated for 
6 months with oral anticoagulant therapy and throm-
bolytic drugs. At the end of this treatment, the patient 
presented no further general problems or limitations 
regarding the function of the operated wrist. The sec-
ond complication of group A concerned a patient who 
developed signs and symptoms of Complex Regional 

11.6°, a radial inclination of 20.8° and an ulnar vari-
ance of 0.2 mm (Fig. 2).

In the dorsal deformity group, patients referred 
an overall significant satisfaction, as reported by aver-
age VAS, DASH and PRWE scores. As in the Group 
A, there was an improvement in the postoperative ra-
dial deviation, but this was not statistically significant, 
whereas the ulnar deviation showed a significant dif-
ference (*p-value = 0.027). Postoperative flexion, ex-
tension and pronation were also significantly close to 
the contralateral side values, while this statistical sig-
nificance was not present for the supination (^p-value 
= 0.005). Apart from the grip strength compared to 
the contralateral side, post-operative grip strength, key 
and pulp pinches values had significantly recovered. 
Finally, a proximity of the three radiographic param-
eters to normal values was obtained, although the ra-
dial inclination did not show a statistically significant 
difference (*p value = 0.265) (Fig. 3).

Fig. 2. (A-B) Preoperative and (C-D) postoperative case of volar malunion, corrected through a hinge-type 
osteotomy and fixed with a volar locking plate.
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Surgical indications are suitable for patients who 
complain of pain and reduced function in the wrist, 
such that they are unable to carry out their pre-injury 
daily activities. Radiographic criteria of unacceptable 
healing of distal radius fracture and aesthetic discom-
fort of the wrist reported by the patient are further 
parameters of surgical evaluation (1,2,4). These prin-
ciples were used as surgical indications in our study. In 
recent years, corrective osteotomy and plating fixation 
using the volar approach has proved to be the preferred 
technique compared to the dorsal approach (24-26).

The reasons lie in the production of the new volar 
fixed-angle plates, an easier reproducibility of the volar 
corrective osteotomy through a volar approach and a 
lower rate of associated complications, with good clin-
ical, radiographic and patient satisfaction outcomes 
(27-29).

Several authors compared clinical-radiographic 
results and complications between volar and dorsal cor-
rective osteotomy for the treatment of extra-articular 
dorsally-angulated malunions. In general, the results 

Pain Syndrome type 1 (CRPS-I), treated with analge-
sic, anti-edema drugs and physiotherapy. The disease 
was resolved in 8 months, with good ROM of the 
wrist and patient satisfaction. The only complication 
in the group B was in a patient with clinical symptoms 
of carpal tunnel syndrome 10 months after surgery. A 
decompression of the carpal tunnel and removal of the 
volar plate were performed 12 months after the correc-
tive osteotomy. The patient was very satisfied with the 
entire surgical procedure. No patient reported compli-
cations as tendons ruptures, implant failure, delayed 
union and non-union. All patients returned to their 
previous work activities without any kind of limitation.

Discussion

Untreated malunions can lead to complications 
such as complex regional pain syndrome (CRPS), car-
pal tunnel syndrome, other types of neuropathies and 
lastly wrist arthritis (1,17).

Fig. 3. (A-D) Preoperative and (C-D) postoperative radiographic images of a dorsal malunion.
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We obtained a statistically significant improve-
ment in key and pulp pinches in both group A and 
group B (Table 2). Regarding the use of graft, the 
choice of its application, depending on the type of 
osteotomy used and associated with the low number 
of patients, may have influenced the non-statistically 
significant data of comparison between its use and 
non-use. Nevertheless, using either the distraction-
type or the hinge-type osteotomy, we found no cases 
of delayed union and non-union (10,15,16).

Our study has other limitations as possible sources 
of bias: the low number of cases, the retrospective na-
ture of the results, the use of two volar plates from two 
different companies, no control group (dorsal correc-
tive osteotomy and dorsal plating in the two types of 
deformities analyzed), no homogeneity of the sample 
examined, absence of a standard rehabilitation proto-
col (some patients used pulsed electromagnetic fields 
to accelerate bone healing at the osteotomy site), pres-
ence of both nascent and mature malunions, recogniz-
ing from previous studies that their treatment results 
differ from each other (6,35).

In conclusion, the corrective osteotomy with volar 
locking plate is an effective clinical-radiographic treat-
ment both in dorsal and volar extra-articular malun-
ions and easily reproducible as shown in literature; 
it improves the wrist function, with a good patient 
satisfaction and the return to the previous working 
and daily life activities. No major complications were 
founded.

The grip strength of the operated wrist compared 
to the contralateral is significantly closer in the group 
with volar deformities. In addition, the key pinch and 
pulp pinches in the group with volar deformities are 
significantly higher than in the group with dorsal mal-
union. All radiographic parameters were significantly 
improved except for the radial inclination in the dor-
sal deformity group. Further studies are needed with 
a larger group of cases, a control group and more so-
phisticated preoperative planning techniques to obtain 
more accurate results.

Conflicts of Interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

showed restoration of radiographic values with both 
surgical techniques, but in some studies, there were 
better clinical results and fewer complications with 
volar corrective osteotomy (30-32). Several studies 
in the literature have also shown the effectiveness of 
treating extra-articular malunions through volar pro-
cedures (33,34).

Our study shows, in a long-term follow-up, the 
effectiveness of corrective osteotomy using a palmar 
plate both in extra-articular volar and dorsal malun-
ions, with statistically significant clinical and radio-
graphic results, except for the radiographic parameter 
of the radial inclination in the group with dorsal de-
formities. This is probably due to the difficulty of cor-
recting the radial inclination starting from poorer 
preoperative values than in the group with volar de-
formities. A second hypothesis could arise from the 
fact that in some cases a distraction-type osteotomy 
should be used rather than the hinge-type osteotomy 
to restore this radiographic parameter. This could de-
rive from the assumption that, with the distraction 
technique, one can probably gain more length of the 
distal radius (since there is no hinge constraint), while 
with the hinge-type technique, it is possible to gain till 
a certain length of the distal radius, because of the con-
straint caused by the hinge itself (otherwise there is the 
risk of fracture of the hinge point). The ulnar deviation 
improved significantly only in the group B-dorsal de-
formities. Evaluating the clinical results between the 
two cohorts, it is pointed out that extension values in 
the group B are closer to the values of the contralateral 
side, although the postoperative mean values of both 
groups are overlapping (mean extension in the volar 
group = 59.2°, range 45-80; mean extension in the dor-
sal group = 57.9°, range 42-70). A similar situation oc-
curs in supination, but in favour of the group A. Such 
results could originate from a non-homogeneity of the 
sample evaluated, representing a possible further limit 
of our study. Regarding the grip strength, it is noted 
that the postoperative results are higher in group A 
than in group B (22.6 kg with range of 2-35, and 14.2 
kg with range of 8-20, respectively), although there is 
no statistically significant difference between the two 
outcomes (§p-value = 0.052). Moreover, grip strength 
values of the group A are significantly closer to the 
values on the contralateral side.
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