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CHAPTERCHAPTER 6 

Movementt patterns of the upper extremity and trunk 
associatedd with impaired forearm rotation 

inn patients with cerebral palsy 
Partt II : the results of corrective surgery 

M.. Kreulen', M.J.C. Smeulders1, H.E.J. Veeger2, J.J. Hage3 

Dept.Dept. of plastic, reconstructive & hand surgery, Academic Medical Centre, Amsterdam 
InstituteInstitute for Fundamental and Clinical Human Movement Sciences, VU, Amsterdam 
Dept.Dept. of plastic & reconstructive surgery, Antoni van Leeuwenhoek Zkh., Amsterdam 

Abstract t 

Thee effect of surgical correction of impaired forearm rotation on associated body 
movementt patterns was prospectively studied by comparison of pre- and postoperative 
three-dimensionall  video analysis of the upper extremity and trunk in eight mate and two 
femalee patients with cerebral palsy (mean age, 16 years and 2 months). The 'extrinsic 
forearmm rotation' parameter was used to quantify all pathologically associated move-
mentss that supplement forearm rotation. Postoperatively, active forearm supination 
duringg a functional reaching task had improved by a mean of 37° in combination with a 
significantlyy decreased extrinsic forearm rotation by a mean of 13°. Also, an average 
losss of 16° of active pronation in combination with an increased extrinsic forearm 
rotationn (mean, 8°) was observed. 

Basedd on these results we conclude that the postoperative change of rotational range of 
motionn of the forearm alters the upper arm and trunk movement strategies supplemen-
taryy to forearm rotation. 

SubmittedSubmitted for publication 

Introduction n 

Inn part one of this report, we defined 'extrinsic forearm rotation' as a parameter 

too quantify the cumulative result of all body movements outside the forearm that 

supplementt forearm rotation. Using it, we showed that movement patterns of the 

upperr arm and trunk in patients with cerebral palsy feature pathological move-

mentss directly associated with impaired forearm rotation30. Hence, surgical cor-

rectionn of a pronation deformity in patients with cerebral palsy is hypothesised to 

nott only affect forearm rotation, but also these associated movements. If this is 

true,, such an effect on the movement pattern should be anticipated in the planning 

off  multiple procedures as these may involve deformities that are affected by the 
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correctionn of others. To date, the effect of such surgery on the movement patterns 

off  the upper extremity and trunk has never been investigated. Our hypothesis that 

correctionn of a pronation deformity affects compensatory movement patterns typi-

call  for that deformity was tested by comparison of the pre- and postoperative 

extrinsicc forearm rotation using three-dimensional video analysis. 

Inn this paper we present the outcome of a prospective clinical outcome study 

investigatingg these patterns before, and one year after, surgical correction of the 

pronationn deformity in ten patients with cerebral palsy. 

Method d 

Patients Patients 

Tenn patients with hemiplegic cerebral palsy (mean age, 16 years and 2 months; 

range,, 1 1 27 years) that had also been included in the first part of this study 

weree subjected to surgical correction of their pronation deformity of the affected 

forearm.. The surgical procedures performed in these eight male and two female 

patientss were aimed at functional improvement of the upper extremity (table 1). 

Thee study protocol was approved by the Medical Ethical Committee of the 

Academicc Medical Centre in Amsterdam. Informed consent was obtained from all 

includedd patients. 

Pre-Pre- and postoperative 3D video registration & data analysis 

Three-dimensionall  video analysis of the movement patterns of all patients was 

performedd in accordance with previously reported methods one day preoperatively 

andd after one year postoperatively30. Thus, two synchronised S-VHS video 

camerass registered 1) maximal active supination of both forearms, 2) picking up a 

drinkingg glass from a table top, and holding it steady in vertical position, 3) 

maximall  active pronation of both forearms, and 4) picking up a wooden disk that 

wass placed flat on the table top, all performed by the patient while seated on a 

stooll  in front of a table. Special care was taken to standardize preoperative and 

postoperativee table top height and target distance for each patient. 

Fivee images from these video recordings were selected for three-dimensional 

analysiss of the upper extremity and trunk position: 1) while sitting on the stool just 

beforee performing the tasks, 2) at the moment of maximal active supination, 3) at 

thee moment of grasping the glass and stabilising it in vertical position, 4) at the 

momentt of maximal active pronation, and 5) at the moment of grasping the 

woodenn disk. Local coordinate systems relative to anatomical landmarks on the 

patientt were defined allowing for calculation of the three-dimensional positions of 

thee trunk, upper arm and forearm on the selected images . In this way, the move-
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mentt pattern could finally be expressed as a collection of eight parameters: 1) 

trunkk flexion, 2) lateral trunk flexion, 3) trunk rotation, 4) plane of upper arm 

elevation,, 5) upper arm elevation, 6) upper arm rotation, 7) elbow flexion, and 8) 

forearmm rotation. The parameters 4, 5, and 6 together constitute an interdependent 

sequencee of angles expressing the position of the upper arm relative to the trunk as 

longitudess and latitudes of a globe projected around the shoulder30,58. 

Movementt patterns related directly to impaired forearm rotation are identified 

onn images #3 and #5 by using the previously defined 'extrinsic forearm rotation' 

parameterr . Part of this extrinsic forearm rotation is compensatory strategy for 

impairedd forearm rotation. Any change in this compensatory movement strategy 

relatedd to a change in impairment of forearm rotation can be identified by calcu-

latingg the difference between postoperative and preoperative values for extrinsic 

forearmm rotation. A postoperative change in extrinsic forearm rotation for each 

patientt wil l indicate whether surgical correction of a pronation deformity did also 

affectt these associated movements. 

StatisticalStatistical analysis 

Statisticall  pre- and postoperative comparison of the average values for all 

parameterss was performed by a 2-tailed Student's Mest for paired observations. 

Forr all analyses, an alpha level of p < 0.05 was used for determining statistical 

significance. . 

Results s 

TaskTask 1. Maximal active forearm supination was preoperatively impaired in all 

patientss (mean, -25°; SD, 37.1), but increased significantly after surgical correction 

(mean,, 22°; SD, 29.1; p < 0.0005) (table 1). The typical trunk lateral flexion, 

endorotationn of the upper arm, and elbow flexion observed preoperatively to occur 

inn our patients upon active forearm supination °, had subsided postoperatively 

(tablee 2). Trunk lateral flexion (mean, 8°; SD, 4.8; p < 0.05) and elbow flexion at 

maximall  active supination (mean, 111°; SD, 16.8;/? < 0.05) both decreased signifi-

cantlyy (table 3). 

TaskTask 2. Compared to the preoperative situation, more active forearm supination 

wass used postoperatively to grasp the drinking glass (mean, -19°; SD, 30.9; p < 

0.05).. Still, it was less when compared to the postoperatively maximal available 

supinationn in the first task (p < 0.01). The increased postoperative forearm supina-

tionn while grasping the glass occurred in combination with a decrease of extrinsic 

forearmm rotation to a mean of-13° (SD, \2.5;p< 0.01) (table 4). The marked post-

operativee changes in the movement pattern to pick up the glass were a significantly 
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decreasedd need for trunk lateral flexion (mean decrease, 9°; p < 0.005), a decrease 

inn endorotation of the upper arm (mean decrease, 25°; p < 0.01), and a decrease of 

elboww flexion (mean decrease, 13°;/? < 0.05) (table 3). The plane of elevation also 

decreasedd indicating that less adduction of the upper arm was used to grasp the 

drinkingg glass. Still, this decrease was not statistically significant (mean decrease, 

16°;/)) = 0.079). 

Tablee 1 
Patientt characteristics & data on forearm rotation (in degrees). 
Legendd of abbreviations: PT, pronator teres; FCU, flexor carpi ulnaris; TIP, correction of 
thumb-in-palmm deformity; FDS/P, flexor digitorum sublimis and profundus tendons; KCRB, 
extensorr carpi radialis brevis; APON, aponeurectomy of the flexor/pronator muscle group; EDC, 
extensorr digitorum communis; -r, rerouting; -t, tenotomy; -fr, fractional lengthening. 

Patientss Preoperative Surgical procedures Postoperative 
forearmm forearm rotation 
rotation n 

No. . 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

Ave. . 

(SD) (SD) 

Sex x 

M M 

F F 

M M 

M M 

M M 

M M 

M M 

M M 

M M 

F F 

Age e 

11 1 

11 1 

11 1 

13 3 

14 4 

17 7 

19 9 

19 9 

19 9 

27 7 

16.1 1 

(4.9) (4.9) 

Pro o 
(neg) ) 

-85 5 

-75 5 

-77 7 

-88 8 

-81 1 

-94 4 

-88 8 

-67 7 

-65 5 

-75 5 

-80 0 

(8.9) (8.9) 

Sup p 
(pos) ) 

-40 0 

-23 3 

61 1 

-59 9 

-46 6 

-67 7 

-13 3 

-14 4 

-58 8 

13 3 

-25 5 

(37.1) (37.1) 

PT-r,PT-r, FCU-t, TIP 

PT-t,PT-t, FCU-t, FDS/P-fr, TIP 

PT-t,PT-t, FCU-t, TIP 

PT-r,PT-r, FCU-ECRB, TIP 

PT-r,PT-r, FCU-ECRB, FDS/P-fr, TIP 

PT-r,PT-r, FCU-ECRB, TIP 

PT-r,PT-r, Apon, FCU-EDC, TIP 

PT-r,PT-r, FCU-EDC 

PT-r,PT-r, APON, FCU-ECRB, TIP 

PT-r,PT-r, FCU-EDC, TIP 

Pro o 
(neg) ) 

-81 1 

-43 3 

-56 6 

-49 9 

-72 2 

-95 5 

-60 0 

-67 7 

-52 2 

-54 4 

-63 3 

(15.2) (15.2) 

Sup p 
(pos) ) 

5 5 

29 9 

61 1 

29 9 

-11 1 

-24 4 

68 8 

-2 2 

14 4 

47 7 

22 2 

(29.1) (29.1) 

TaskTask 3. Surgical correction of the pronation deformity also resulted in a signifi-

cantt decrease of maximal active pronation (mean decrease, 17°; p < 0.005). This 

losss induced a decreased elbow flexion (mean decrease, 14; p < 0.05) and a 

decreasedd upper arm endorotation (mean decrease, 28°; p < 0.05) during the 

attemptt to maximally pronate the forearm (table 3). 

TaskTask 4. The same loss of forearm pronation was seen while grasping the wooden 

diskk (table 3). This induced the need for new compensatory strategies, reflected by 

aa significant postoperative change in extrinsic forearm rotation in the same direc-
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tionn as forearm pronation itself (mean, -8°; SD, 10.6; p < 0.05) (table 4). The 
movementt strategy selected to compensate for this loss of pronation differed 
betweenn patients. Trunk lateral flexion in opposite direction (mean change, -6°; p = 
0.09)) and a decreased plane of elevation of the upper arm towards more abduction 
(meann change, -10°; p = 0.178) contributed to directing the extrinsic forearm rota-
tionn towards pronation, but these were not both recruited by all patients. As a 
resultt these changes were not significant. As in maximal active pronation, upper 
armm endorotation and elbow flexion both decreased significantly compared to the 
preoperativee movement pattern while grasping the disk (table 3). 

Tablee 2 

Averagedd postoperative data (in degrees) 

Taskk Trunk Upper Arm Forearm 

laterall plane of elbow forearm 
flexionflexion flexion rotation elevation elevation rotation flexion rotation 

ave.. (sd) ave. (sd) ave. (sd) ave. (sd) ave. (sd) ave. (sd) ave. (sd) ave. (sd) 

#l :sup.. 1 (6.0) 8(4.8) -5(5.8) 34(73.6) 16 (6.2) -25(82.5) 111(16.8) 22(29 1) 

#2:: glass 7(8.5) 6(5.5) 4(7.9) 64(28.4) 36(16.1) -48(37.0) 95(21.6) -19(30.9) 

#3:pron.. 3(4.9) 1(6.5) -2(7.0) 50(23.6) 25 (9.9) -18(24.3) 85(27.3) -63(15.2) 

#4:: disk 12(9.6) -3(7.4) 4(9.5) 45(18.6) 47(18.9) -18(17.2) 97(20.1) -51(17.9) 

Tablee 3 

Differencee between postoperative and preoperative data (A in degrees) and their statistical 
significance:: * =/?-value < 0.05; **  =/>-value < 0.01; ** *  = p-value < 0.005; 
****= j t7-value<< 0.0005 

Taskk Trunk Upper Arm Forearm 

laterall plane of elbow forearm 
flexionn flexion rotation elevation elevation rotation flexion rotation 

#1:: sup. 

#2:: glass 

#3:: pron. 

#4:: disk 

++ 1 

-5 5 

+2 2 

-3 3 

-6* * 

_QQ ** + 

-3 3 

-6 6 

-6* * 

-6 6 

-5 5 

+2 2 

-19 9 

-16 6 

+9 9 

-10 0 

0 0 

^4 4 

0 0 

+36 6 

+25** * 

+28* * 

+17* * 

-18* * 

-13* * 

-14* * 

-133 ** * 

+466 *** * 

+37* * 

+17** * * 

+16* * 
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Wee conclude that one year after surgical correction of a pronation deformity, 

activee forearm supination increased in combination with a decreased use of 

movementt strategies that supplement forearm supination in nine out of ten 

patients.. The use of movement strategies to compensate for the observed loss of 

pronation,, however, increased. 

Tablee 4 
Differencee between postoperative and preoperative extrinsic 
forearmm rotation 

ents s 

No. . 

#1 1 

#2 2 

#3 3 

#4 4 

#5 5 

#6 6 

#7 7 

#8 8 

#9 9 

#10 0 

Ave. . 

SD SD 

/rvalue e 

Taskk 2 

thethe drinking glass 

(imagee #3) 

postop.. - preop. 

(degrees) ) 

-2 2 

-13 3 

-35 5 

-13 3 

-16 6 

-28 8 

-4 4 

11 1 

-19 9 

-13 3 

-13 3 

12.5 12.5 

p<0.0\ p<0.0\ 

Taskk 4 

thethe wooden disk 

(imagee #5) 

postop.. - preop. 
(degrees) ) 

-7 7 

13 3 

1 1 

-8 8 

-19 9 

-15 5 

-9 9 

-8 8 

-27 7 

-2 2 

-8 8 

10.6 10.6 

pp < 0.05 

Discussion n 

Manyy surgical procedures have been described for the correction of a pronation 

deformityy of the forearm12'21'32' " '7 4 , 7 6. Today, the choice between these available 

proceduress depends on the extent of the deformity and the preference of the sur-

geon.. Surgical treatment of the upper extremity in our series typically consisted of 

aa combination of multiple procedures. Each focused on the increase of available 

rangee of motion of a joint. Surgical procedures other than those aimed directly at 

thee correction of the pronation deformity may well have had their effect on fore-

armm rotation as well. However, our study was not an evaluation of the clinical 
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outcomee of one specific surgical procedure. Rather, we set out to study whether a 

postoperativee change in rotational range of motion of the forearm also affected 

associatedd movements outside the forearm. Likewise, the timing and sequencing of 

thesee movements were not the subject of our study. Instead, positional analysis of 

thee end result of movement patterns during a reaching task was used to objectify 

whetherr the use of compensatory strategies was reduced by improvement of fore-

armm rotation. Obviously, even a follow-up of one year may be relatively short to 

evaluatee the outcome of surgical treatment in patients with cerebral palsy, and the 

long-termm development of movement patterns in a maturing musculoskeletal sys-

temm requires further study. 

Changee in extrinsic forearm rotation was the parameter used for the quantifica-

tion,, in each patient, of the surgery-induced change in associated compensatory 

movementt strategies for well-defined functional tasks30. Thus, a decreased extrin-

sicc forearm rotation after surgical improvement of active supination implied that 

movementss that were associated with the originally impaired forearm supination 

hadd subsided. Extrinsic forearm rotation decreased in nine out of ten patients per-

formingg a reaching task that requires forearm supination. The one patient with an 

increasedd extrinsic forearm rotation had a slight postoperative improvement of 

maximall  active supination by 12 degrees. However, he did not recruit this poten-

tiall  advantage at all during the functional task and actually invested more effort in 

compensation,, possibly encouraged by an improved wrist position and grip func-

tion. . 

Surgicall  correction of a pronation deformity significantly improved the ability 

off  active forearm supination, but it also resulted in a loss of maximal active prona-

tionn in eight out of ten patients. This is in agreement with previously reported 

observationss in a comparable group of patients32. The loss of active pronation 

occurredd in combination with a change in extrinsic forearm rotation in the same 

directionn while performing a reaching task that required forearm pronation. This 

indicatess that the observed loss of active forearm pronation resulted in the recruit-

mentt of additional degrees of freedom to compensate for this loss during func-

tionall  tasks. 

ClinicalClinical implications 

AA postoperative decrease in compensatory movement patterns may either be 

causedd by an increased range of motion or by facilitation of the already available 

rangee of motion. Either way, compensatory movement patterns only decrease 

whenn the improved available active supination is actually employed during the 

functionall  tasks that were aimed to be improved by surgery. From this perspective, 

maximall  active supination alone may not be a valid parameter for the success of 
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surgicall  treatment of a pronation deformity. Our data confirms that movement 

patternss observed during functional tasks should be additional outcome measures 

forr the success of upper extremity surgery in patients with cerebral palsy . This is 

inn agreement with the observations of Michaelsen et al. in a study on movement 

patternss of stroke patients. A limited elbow extension during activities that require 

somee degree of forearm supination, for example, may very well be a pathological 

movementt associated with an impaired forearm supination. In that case, it wil l 

improvee by the correction of the pronation deformity, and may not need a separate 

surgicall  correction. Such associated limitation of elbow extension should be 

differentiatedd from true impairment of the elbow joint that is independent of fore-

armm rotation. Furthermore, a changed movement pattern may also indirectly affect 

manuall  dexterity. The observed significant postoperative decrease in compensa-

toryy movements of the upper arm and trunk alters the positional demands for the 

handd during functional activities. 

Thee postoperative changes in positioning of the trunk and upper extremity while 

graspingg the glass (task 2) in our patients approached the data for the healthy con-

troll  group described in part one of this report30, indicating that surgery had 

changedd the recruitment of degrees of freedom towards normative values. Still, the 

movementt patterns of the upper extremity in patients with cerebral palsy remain a 

complexx task-specific assembly of interacting degrees of freedom that are neuro-

logicallyy impaired. If a pronation deformity is the most prominent feature limiting 

thee functional capacity of the upper extremity, it may be advisable in selected 

patientss to only correct this pronation deformity and anticipate a favourable effect 

onn the overall movement pattern and hand function. 

Conclusions Conclusions 

Basedd on the results of our study we conclude that a postoperative change in the 

rotationall  range of motion of the forearm is coupled directly with a change in the 

movementt pattern that was related to the original pronation deformity. This should 

bee anticipated at the preoperative planning of procedures for multiple deformities, 

ass this change in movement pattern may involve deformities that are also eligible 

forr surgical correction. 


